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Executive Summary

The objective of the URBREATH project is to enhance climate neutrality in European cities through
the adoption of NatureBased Solutions (NBS), and tools that can support Municipalities in
managing their entire life cycle (e.g. identification of problemsdaneeds, design of potential
solutions, their comparison, monitoring of the implementation phase and evaluatiayeokrated
impact).

For this purpose, the project aims to provide the "URBREATH Toolbox", a comprehensive
technological framework to support municipalities in managing, implementing, and evaluating
NBS interventions.

This document reports the main technical aspects of the first version of the URBREATH Toolbox;
these include an update of the logical architecture of the toolbox, technical information concerning
the digital services (tools) it offers in this first versi@urpose, description, offered functionalities

and insight about the technical implementation), main technical characteristics of the integration
environment and the Git repository where the software components of the URBREATH Toolbox
are made availableof future reuse.

Finally, after the conclusions and the main next steps, this document reports, among the annexes,
the summary of the main functionalities of the first version of the URBREATH Toolbox, the main
updates of its logical architecture, the position of th&@BREATH Toolbox concerning the Minimal
Interoperability Mechanisms and the LDT Toolbsgecifications, and the draft of the technical
approach for the orchestration of analyses requested by the end users.

[D4.7 URBREATH NBS ICT integrated sdlution Page |4
URBREAT#H101139711t HORIZOMIISS2023CLIMACITIE®1-01



Co-funded by Horizon Europe ProjectfRBREATH @
B HORIZOMISS2023 CLIMACITIE®1-01 48 URBREATH

Table of Contents

1 LN I @ 7 L L@ N 1 ] 10
1.1 PURP OSE ANBEOPE. ... .cittitttiieeteettiee e e et aat et e e e et et e e e e et eta s e e et et taa e eeeeeastaa e eeeeesanaaeeeeesatan s aeeeeesssasaeeesssnnaens 10
1.2 APPROACH FORORKPACKAGE ANRELATION TO OTHARDRKPACKAGES ANDELIVERABLES .....uiiivieviiieeeeeeeiiieeaeens 10
1.3 METHODOLOGY ASLRUCTURE OF TBELIVERABLE.......tuuuiiietiititiiseeeeettiasseessestanaeeesesastasaeseestanaseseesssnneeesensnns 10

2 SYSTEM OVERVIEM......uiiiiiii et ee e e e e e e e e et eeamr s e e e e et e e e e etanaeeaenes 12
21 HIGHLEVEIDESCRIPTION OF TIEDLBOX....cetiuuutttttteeteeaeeaaasaaautntseseeetaeaeassaaannsssbssseeeteeeeessaannnbnnnenseeeeaaeesens 12

3 USERS AND ROLES. ... i e rer e e e e e e e e e et s eer e e et e e et e e e an e e eeanaaee 14

4 DIGITAL SERVICES PROVIDED........cciiiiii e eer e e e e e e e ame e e e e eanas 16
4.1 [y NS T 0] X ] =SSP PPPPR PPN 16

4.1.1 [ RO SN ISR I AN T 1/ = PP 16
4.1.2 Structured, Timeseries and NOSQL.DB..........uiiiiiiiiiiei e e e e e e e e e eeenanns 17
41.3 L@ o] =Tol S (0] =T =P PP PP 19
4.1.4 LT ST0 AT V- SN 21
4.2 (519 7Y@ 0] N[ = oq K] 1= T OSSP PPN 22
4.2.1 Data Catalogues CONNECIOLS.......ccciiiiiiieieeeeeeeeett st e e e e e e e e e et et e e e e e e e e e e e e e s eaaaeaaaaaaaaees 22
4.2.2 [0 ) I O] oY g [=Tox [0 ] £ PSPPI 24
4.2.3 IT Platform CONNECIOLS. ... ..co oo e et e e e e e e e e e e e e et e e e e e eeee s et e e b et a e e e e e e eeeaeeaaaaaaaes 25
424 Data RepOSItOrieS CONNECIOLS. ... ..uutieiiiieeeee ittt e ettt ettt e et e e s bbb e e e s sbbr e e e s annbr e e e e serreeens 27
425 Data SPACES CONNEBCLOL.....ciiiiiiiiiiiete ettt e e e e e e e s e s e e et e e e e s e e e s s s reeeneeeeeas 28
4.3 COMPONENTEOMMUNICATION ..ttt ettt eeeeaeeeeeeeteeeteeestateteesse e aaaaaaaaaaaaeaeeeteeeeeeeassesetesssbaaanasaeaeeeeeaaaaaaaaaaaaeees 29
4.3.1 Y o ESTST= Vo =T = 0] =T SR 29
4.3.2 (070 1 (=21 (R =] 0] (] SR RPPR: 31
4.4 PROCESORCHESTRATION ...t ttt ettt e e tetetttasseseestaaaeeseeestaaeeeeeaaaasaaeeastaaaeeteestss i saaeestanseeteesnssnnseeseesnsnseeeees 34
4.4.1 Workflows Management and EXECULION.............oooiiiiiiiiieieire e e e e e e e e e e e 34
4.5 DATAANALY SIS ANBROCESSING ... eetttttuuueetettnnuaseresstnaaaeaeeessaaaetentanaateesssaaaaeteettnnaaeesnsaaaeterssnnaaeeerenen 36
45.1 HEAL SIIESS ANAIYSIS. ....eeeiiiiiiiiie ettt e e e ee e e e s e b bt e e e e bb e e e e e e nrees 36
45.2 SNAAOW MOAEITNG. ...ttt et et e e s e b e e e e e enreeas 37
45.3 Adaptive Rainfallnfiltration Tracking.............ccoooeeiiiiiii e eeeeeeeeeeeeseeeeeeeen . A0
45.4 Biotope Area Factor (small Scale analySiS).........uuuiiiiiiiiiiiieeeeeiececeeeeeer e e e e e e e e aeaaaaaeas 45
45.5 3-30-300 ANAIYSIS . ..eeeiiiieeeeiiiiititie ettt e e e e et e e e e e e e s brr e e eeeeae e e s e e s s e nnnnnnneeeeeeeeeesensnennnnnes 2O
4.5.6 Public Transport Accessibility ANalySIS...........coooviiiiiiiiicrrrr e A9
45.7 15 minutescity (ProXiMItY INOEX) .. ..coiureiee ettt e et e e s s an e e e e neeee 50
45.8 Visual Interpretable and Explainable. Al...........ooui 53
459 Tree growing PrediCliON. ... .....uii ittt e et b e e e b a et e e e s bt et e e e aabree s 58
4.6 O TYMONITORING. et ettt et eeeeetta e e eeeetaaaeeeeeeastanaeeeeeasaaaeaseestanaaeeeeassansaaeseesanaeeeessstansaeesessnsnneaeessnnnnsaeerens 61
4.6.1 N I =T = T L= PPN 61
4.7 L2 o I YN 1L PPN 69
4.7.1 NBS REGISIEY. ettt ettt oottt et e e e e e e e e e b a bbb be e et e eetaaaeeesaaaanbbnbbeeeeaaaaaaeaeeaeannd 69
4.8 DATADISCOVERY AKBHARING. .....cettieeeeeeeettueetetnuaaaaaaaasasseaeaaaaeaaaeeeeeanesessssssssnnnnnsaaasseseaaaeseeeeeeeeeeemeessssnsnnsnnnn 74
4.8.1 Datasets Catalogue, Models/Tools Catalogue, and Data sources Catalogue...........cccccvveeerreeennn. 74
4.8.2 GEON BIWOIK. 1ttt et et r e e e e e e e e e e et et e e e ee e e eeaeae b b st e seseeeeeaaeaaeaasseesssssrernre 83
4.8.3 PUDBIISNEL. ... e e e e e e e e e e e e e e e e e e e e e e e e 85
4.9 O TYDATAVISUALISATION. .1t ettttteteeetetta s eaaesttasseeeaseastan s aeeeeessaneaaeesstanaaeeestssa s aaeeansanaeeeessssasaeesesssnnaeseessnnn 88
49.1 UNIFIEA ULttt e e e e oo e e e bbbt ettt e e e e e e e e e s e nbbbannbeeeeeaaaaeeeas 88
4.9.2 Data Visualisations and Dashboards...............coooiiiiiiiiiir e 91
49.3 MaAP LAYEIS MAINAGET. .....cie it e e e e e e et et e e e e e e e e e e ar e a e e e e e e e e e e e e e e e aeeeereee 95
[D4.7 URBREATH NBS ICT integrated sdlution Page |5

URBREAT#10113971t HORIZOMISS2023-CLIMACITIE®1-01



Co-funded by Horizon Europe ProjectfRBREATH @
B HORIZOMISS2023 CLIMACITIE®1-01 48 URBREATH

494 1G] 0 0 /- Y o PSSR 97
4.9.5 [od =T T[] A Q9
4.10 e T2 1 T N 100
4.10.1 LAY =] o 1Y o TSRS 101
4.10.2 [1[o) T [ Y o] o P TP PP P OTPRPTON 117
411 SECURITY ANDBERVM ANAGEMENT ...t iittiiitiettett ettt eaaeett et e ettt e et s et e s s s ettt aa s st ssaaeasa s sbaseanstbaseansssbssanesenns 122
5 INTEGRATION ENVIRONMENT .. ittt sttt ettt s et e et rea s et s e s s s e s e s enrensesimresneenss 124
6 L I R = O 1 T W IO 72 126
7 CONCLUSIONS AND NEXT ST EPR S .. oottt et e e et e s s emeaaas 127
8 L st ol N [ 129
9 ANNEX AURBREATH TOOLBOX 1ST RELEASE FUNCTIONALITIES. ... 130
10 ANNEX BURBREATH TOOLBOX LOGICAL ARCHITECTURE MAIN.UBDATES...........cevvo... 133
11 ANNEX GURBREATH TOOLBOX POSITION TOWARDS MINIMAL INTEROPERABILITY MECHANISMS AN
LDT TOOLBOX SPE CIF I C AT N S . . e ittt eee ettt et e ettt et e et s et ea e e ea et esamr e eaeensenenen 134
12 ANNEX [ OVERVIEW OF THE ANALYSIS ORCHESTRATION.PRQCESS.........ccoceiviiieeinnn, 147
List of Figures

Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:

Logical architecture of the URBREATH TQQIDOX.........ccuuiiiiiiiiiiiiiiieeeeeciee e 13
(@] o] [=Tol By (o] g=Tc 1Y/ 11 1 [ PP PP P PPPPPPPPPPPN 20
TS0 S]] A= TP TTTTPTPON 22
(I P= a0 1 ¢ I O] o] 0 [=Tox (o | SO P PP PPRPPRPON 25
TRUE CONNECLOr COMPONENLES......oitiiiiiiiiiiiitiaee e e e e e e e e e e e e e eeeeees 29

Figure 6: Message Broker (Apache Kafka)...........c.uueeiiiiiiiiiiiiiiee e 31
Figure 7: Context BroKer (OrHIID).........ueiiiiiiiiiiiie et e e e e e e e e r e e e e e e anes 33
Figure 8 Workflows Management and Execution (Apache AirflawW)...........ccuevveiiiiiiiiiiieieeeee s 34
Figure 9: Shadow modellingmplementation COMPONENTS..........ccoviiiiiieiieiiiniiiiieeee e ssiieeeeee e ssnieneeeeee . 40
Figure 10Adaptive Rainfallnfiltration Tracking ArChiteCtUre............oooiuiiiiiii i 44
Figure 11: Biotope Area Factor (small scale analSEjuence diagram.........c.ccccccevvveeeeeinneeeeen . 46
Figure 12: Prototyped version of the MEtool interface, highlighting thimdividual Predictiongb............... 54
Figure 13: VHAI System ArchiteCture DIagram.........cccccuuuuiiiiiiiiiiiiiieeieee e eee e e e e et e e e eaa e e e e e e e e e e e e e e e s e aeesennnnns 57
Figure 14: Tree growing predictioBequUENCE diagralll.............oceieiiiiiuurniiiiiiiirrirerrere e eeeeeeeeaaeaaaaaaaaen 60
Figure 15: Tree growing predictigrexample of report L 0f 3.t 60
Figure 16: Tree growing predictigrexample of report 2 0f 3.t 61
Figure 17: Tree growing predictigrexample of report 3 0f 3.... ... 61
Figure 18: KPI Managetnternal CoOMPONENTS. ... ..ot ee e et e e et e e e e e e e e aaaaeaeeeaeeaaeaasaaaaaannnnnns 63
Figure 19: KPI Manage€reation Of @ MEASUIE...........cooi ittt e e e e eeeeeaeeaeaaaaaea 65
Figure 20: KPI ManageAcquisition Of MEaSUIrEMENIS..........oii oot e e e e ee e e e e e e e e aaaaaeeaes 65
Figure 21: KPI ManageTitle and description Of @ KP.L............uuiiiiiiiiii e 66
Figure 22: KPl ManageBelecting the Measure t0 USE.........c..uviiiiiiiiiiiiiiieeeeeiieee e 67
Figure 23:KPI Managemsert formula, schedule and target...........cccooiiiiiiee i) 67
Figure 24:KPI ManageBelect Chart TYRE. ... ...uu et e e 68
Figure 25: KPI ManageISave the KRL...........uuiiiiii ettt 68
[D4.7 URBREATH NBS ICT integrated sdlution Page |6

URBREAT#10113971t HORIZOMISS2023-CLIMACITIE®1-01



Co-funded by Horizon Europe ProjectfRBREATH @
B HORIZOMISS2023 CLIMACITIE®1-01 48 URBREATH

Figure 26NBS Registiy SEArCh PAge........ccccciciiiiiiiiiiiiiiiirieereeer e s e e e e e aaaeaeaeeeeeess e s s s s s s s sesssssssnnssnssssenned 4
Figure 27NBS RegiStiy DetailS PAgE.......coiiiuiiiiiieeiiiiiieiee et ennreee e e e e s nnneee d 2
Figure 28NBS RegistiyCreate NEW NBS..... ... ..o e e e 73
Figure 29: NBS ReQISIrY arChitECIULE . .........uiieeeee ettt e e e e e 74
Figure 30: Datasets, Models/Tools, and Data sources Catalq@ezsch Ul.............ccccooiiiiiiieiiiiiiiiinenn. 76
Figure 31: Datasets, Models/Tools, and Data sources CatalqdRegails of results............ccccccevviiiieennnen. 77
Figure 32: Datasets, Models/Tools, and Data sources CatalQ@d@sagement............cccccovvvrrreeeeeerinnnnnn. 78
Figure 33: Datasets, Models/Tools, and Data sources Catalqaideba Nnew reSOUrcCe...........cccceeeerrivrnene. 79
Figure 34: Datasets, Models/Tools, and Data sources Catalqdidesgeneral information....................... 80
Figure35: Datasets CatalogueFederate an external catalogue..............ovveiiiiiiiieiieee e 81
Figure 36: Datasets Catalogu&lanagement of federated catalogues.............cccceeeviiiniiiiiecen e 82
Figure 37: Datasets Cataloggéction on a federated catalogue.............coeooeeeeeeiiii e, 82
Figure 38: Datasets, Models/Tools, and Data sources Catalq@imsponents for managing new resourd&3
FIGUIE 39: GEONEBIWOIK ... uuiiiiiiiiiiiieieee ettt e e e e e et b e st e e s s e e e e e e e e e e eeeeeeaaaaaaaaaaaaaanns 84
Figure 40: Unified UL r e e e e et e e e e e e e e e e e e e e e e e e eeassaa s s s e asansannesressressransensenes 89
FIGUIE 41: NBS SIOTES....iiiiiiiiiee et e e e e e e et e e e e e e e e e e e e e e e e e e e e eaeeeeaeesaaasaananns 90
Figure 42: Unified BIAICIITECIUN ... ....ceeeeeeeeee e e e e e e e e e e e e e e e e e 91
Figure 43: Data Visualisations and DashbOards............ccccuuuiiiiiiiiiiiiiiiiccceeeeeee e 94
FIQUre 44: Map LaYErS IMaANAGEE ... .. uuuueiuiiitiiiiiiereerereeeerereeteeteetaaaaaaaaaaaaaaaesasaassasaaaaaassssssssssssssssssssssseees 95
Figure 45: Map Layers ManageArChItECIUIE. ... ...t e et e e e e aa e e e e e e e e e e e s e e s e ae e seannnns 97
T[0T TS T I N Y, =Y o 98
Figure 47: FParticipation tools Main components diagraiM.............eeeieeiiiiimieeeee e e e e e 101
Figure 48: FParticipation tools Web Appintegration of the Dataset Catalogu&earch.............cccccceeenee 103
Figure 49: FParticipation tools Web Applntegration of the Dataset Cataloggd.ist of results.................. 103
Figure 50: FParticipation tools Web Applntegration of the Dataset CataloggeDetails of results............. 104
Figure 51 EParticipation tools Web Appintegration of the Dataset CataloggeStarred result................. 105
Figure 52: EParticipation tools Web Apgntegration of the Dataset Cataloggé\dd reference to starred results
e 7 OO 105
Figure 53: FParticipation tools Web Apgntegration of the Dataset Cataloggé\dd reference to starred results
220 ) TP EEPOSOUPRSRR 105
Figure 54: FParticipation tools Web Apgntegration of the Dataset Catalogg\dd reference to starred results
S 70 TP EPSUPUPRRRR 106
Figure 55: EParticipation tools Web Apgntegration of the Dataset Cataloggé\dd reference to starred results
o) P EEP T SUUPRSRR 106
Figure 56: FParticipation tools Web Applntegration of the 3D Mag Add 3D Map to a participatory spat@7
Figure 57: FParticipation tools Web Applntegration of the 3D Mag Management of 3D Maps............. 107
Figure 58: FParticipation tools Web Applntegration of the 3D Mag Register a 3D Map............cccuveeeeee. 108
Figure 59: FParticipation tools Web Applntegration of the 3D Mag Add attachments to a 3D Map.......109
Figure 60: FParticipation tools Web Appintegration of the 3D Mag Explore 3D Maps of a participatory space
.............................................................................................................................................................. 109
Figure 61: FParticipation tools Web Applntegration of the 3D Mag Visualise a 3D Maql of 2.............. 110
Figure 62: FParticipation tools Web Applntegration of the 3D Mag Visualise a 3D Ma® of 2.............. 111
Figure 63: FParticipation tools Web Appintegration of the 3D Mag Visualise attachments of a 3D Map of

2 e e eee e eeeeeeeieeeeeeeetaeieesestaneeetesttateeetettateeetettataetettteeteetarreteetaaeaerttaaatettraaarraa, 111
Figure 64: FParticipation tools Web Appintegration of the 3D Mag Visualise attachments of a 3D Map of
2 111
Figure 65: FParticipation tools Web Appintegration of the 3D Mag Comments management.............. 112

[D4.7 URBREATH NBS ICT integrated sdlution Page |7

URBREAT#10113971t HORIZOMISS2023-CLIMACITIE®1-01



Co-funded by Horizon Europe ProjectfRBREATH @
B HORIZOMISS2023 CLIMACITIE®1-01 48 URBREATH

Figure 66: FParticipation tools Web Applintegration of the whiteboardg Add whiteboards to a participatory

] 01T PP PP 113
Figure 67: FParticipation tools Web Appintegration of the whiteboardg Management of whiteboards. 113
Figure 68: FParticipation tools Web Applntegration of the whiteboardg Register a whiteboards........... 114
Figure 69: FParticipation tools Web Applintegration of the Security and User Managemerttogin page 1 of
2P EPR R SSSUPRPRRR 115
Figure 70: EParticipation tools Web Applintegration of the Security and User Managemerttogin page 2 of
2P EPR R SSSUPRPRRR 115
Figure 71: FParticipation tools Web Appintegration of the Dataset CataloggeSchema..............cc..oee.... 116
Figure 72: FParticipation tools Mobile APRHOME PAGE........ocviiiiiiiiiiiiiie e 119
Figure 73: FParticipation tools Mobile Appldeas/Proposals on the Map..........ccccovcviiiiiiiiniiiiiieeee e 120
Figure 74: FParticipation tools Mobile APRNEAr ME.......c.ooviiiiiiii e 121
Figure 75: URBREATH Git REPOSIIOIY. ...uuuiiiiiiiiiieiiiiieee ittt e e s e s e e e e e seeeeeeeees 126
Figure 76: MIMs Plysersion 7.5) Framework OVEIVIEM...........cccooiiiiiiiiii e ee e 134
Figure 77: LDT Toolbox specifications Reference ArchiteCtUre...........ccccccciviiiiiiiiiiiiiiiieeeeeeeeee e 142
Figure 78: Draft design of the process for analysis orchestratian..............ccvvveeeeeeiiiiiiiieeee e, 148
List of Tables

Table 1: Personas @nd FOIES. ... ... e ittt ettt e ettt e e e e e e e et e e e e e eaeaaeaaaeeeaeees 14
Table 2URBREATH Toolbox components databaSES. ........ccooiiiiiiirieieeiiiiiiieee et ee e e 18
Table 3: Data CatalogUES CONNECLOLS .. ..ciiiiiiutrerieteeeeiaitre et eee e s st eeeesaaasbsrereeeeaaansnbereeeeessassrrnreeeesaans 23
LI o] (3R S (ol I Ao (=T o) PSP EPPUPPPRPRR 24
Table 5: IT Connector fuNCtioNal BIOCKS.............uviiiiiiii e 25
Table 6: Data RepOSItOrY CONNECIOLS........ccooii i it cecc e e e e e e e e e e e e e e e e eaaaaaaaaaaeeeaeeaseaaaaaaanns 27
Table 7: Workflows Management and Executidviain features...............ooooiiiiiiiiiiiciiiiinviireeeeee e 35
Table 8 Shadow ModelliNg RESUILS..........ooiiiiii e e e e e e e e e e e e e e e e e e e e e e e s s e e s e e e e eenaaanes 37
Table 9: 15 minutes citytechnical Background..............cccuiiiiiieeeee e 53
Table 10: Mobile ApR TeChNOIOQY StACK..........coooi e a e e e e 122
Table 11: URBREATH Toolbox position with respect to MIMs Plus version.Z.0........ccccccccvvveenil. 135
Table 12: URBREATH Toolbox position with respect to MIMs Plus version.Z.5........cc.ccccccccel. 138
Table 13: URBREATH Toolbox position with respect to LDT Toolbox specificatians.......................... 142
Table 14: Analysis draft data MOUEL.............ouiiiiii e 148
Table 15: Analysis management draft REST.ARIS ..o 148
Table 16: Request draft data MOUEL.............uuiiiiiiii e 149
Table 17: Request management draft REST. ARIS.........uiiiiiiii e 149

[D4.7 URBREATH NBS ICT integrated sdlution Page |8

URBREAT#10113971t HORIZOMISS2023-CLIMACITIE®1-01



Co-funded by
the European Union

List of Terms and Abbreviations

Horizon Europe ProjectRBREATH
HORIZOMIISS2023CLIMACITIE®1-01

) URBREATH

AOI

API

BAF
CKAN
CRUD
CSW
DACTAP
DAG

DSM
FROST Server
IDS

JVM

KML

KPI

LDT

Local Interpretable Modehgnostic
Explanations
LoRaWAN
LST

M2M

MFA
MQTT
NBS
NGSI
OGC

OTP

PDP

Pol

RBAC
RDBMS
REST
SHAP
SSO

TLS

UHIs
VIEAI

XAl

WKT

[D4.7 URBREATH NBS ICT integrated sdlution

Area of Interest

Application Programming Interface
Biotope Area Factor
Comprehensive Knowledge Archive Network
Create Read UpdatBelete

Catalog Service for the Web

Data Catalog VocabularyApplication Profile
Directed Acyclic Graph

Digital Surface Model

Fraunhofer Open Source SensorThings Serve

International Data Spaces
JavaVirtual Machine
Keyhole Markup Language
Key Performance Indicator
Local Digital Twin

LIME

Long Range Wide Area Network

Land Surface Temperature

Machine to Machine

Multi-Factor Authentication

Message Queuing Telemetry Transport
Nature Based Solution

Next Generation Service Interfaces
Open Geospatial Consortium

One Time Password

Partial Dependence Plot

Point of Interest

Rolebased access control

Relational Database Management System
Representational state transfer
SHapley Additive exPlanations

Single SigrOn

Transport Layer Security

Urban Heat Islands

Visuallnterpretable and Explainable Al tool
EXplainable Al

Wellknown text

Page |9

URBREAT#10113971t HORIZOMISS2023-CLIMACITIE®1-01



Co-funded by Horizon Europe ProjectfRBREATH @
B HORIZOMISS2023 CLIMACITIE®1-01 48 URBREATH

1 Introduction

1.1 Purpose and Scope

This document reports and describes the first version of the integrated URBREATH Toolbox, which
represents the interoperable collection of Holutions made available for supporting the pilots'
activities.

The main objective of the URBREATH Toolbox is to offer a suite of software tools enabling and building
a comprehensive technological framework to support the Municipalities in the implementation of the
different steps through which NBS interventions are maged (e.g. engagement of stakeholders,
identification of local needs, design of possible NBSs, simulation of their potential effects, selection of
the solution to be implemented, monitoring of the implementation, evaluation of the generated
impacts, etc.)

Thisdocument reports the technical tools included in the first version of the URBREATH Toolbox, their
functionalities and technical implementation.

1.2 Approach for Work Package and Relation to other Work Packages

and Deliverables
This deliverable is the result of close collaboration within the URBREATH project, which extends
beyond WP4 (to which it belongs).

Three work packages contributed their activities to the creation of the project knowledge that
underpins this deliverable.

Besides being responsible for this deliverable, WP4 contributed by setting the path of the overall
technical approach of the URBREATH Toolbox, as well as the implementation of software components
such as the 3D Map, KPI Manager, aridagticipation tools.

In parallel, WP3 provided the components implementing analysis and simulations, as well as data
management.

Finally, WP5, which aims to put into action technological solutions of the URBREATH Toolbox, offered
relevant input by establishing a feedback loop with direct contact withdties.

1.3 Methodology and Structure of the Deliverable

Based on the results documented in D2.4 and D2.5 and input from WP3,and WP4, a series of
functionalities and tools were selected for inclusion in the first version of the URBREATH Toolbox. This
selectionconsideredhe end user's perspective and the macro area of the URBREATH architecture.

In addition to software implementation, technical activities focused on the definition of
communication and orchestration processbetween key components of the URBREATH Toolbox

The overall results are reported in this document and organised in the following structure.

[D4.7 URBREATH NBS ICT integrated sdlution Page |10
URBREAT#H10113971t HORIZOMIISS2023-CLIMACITIE®1-01



Co-funded by Horizon Europe ProjectfRBREATH @
B HORIZOMISS2023 CLIMACITIE®1-01 48 URBREATH

Section2 reportsan overview of the updatetbgical architecture of the URBREATH Toolbox

Section 3 briefly reports the main users of the URBREATH Toolbox (following personas

identified in D2.5) and the role they can play within the toolbox.

1 Section 4 reports the digital services that are part of the first version of the URBREATH
Toolbox

1 Section5 briefly reports the technical characteristics of the digital infrastructure employed for
the implementation and integration of the software components that are part of the
URBREATH Toolbox

1 Section6 briefly reports on the URBREATH Git Repository, where the source code of open

source components of the toolbox and technical information are made available to the public.

Section7reports conclusions and next steps.

Section8reports references

Section9 summarises the features for the end users of the first version of the URBREATH

Toolbox

Sectionl0summarises the main updates of the logical architecture of the URBREATH Toolbox

Section 11 summarises the positions of the URBREATH Toolbox towards theinidi

Interoperability Mechanisms and the LDT Toolbox specification

1 Section12briefly reports the draft process for the orchestration of analyses requested by the

end users.

= =4

= =4 -4

= =
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2 System Overview

2.1 High-Level Description of the Toolbox

The URBREATH Toolbox is designed to provide support functionalities for collaborative projects
focused on Nature Based Solutions, that require the interactions between interdisciplinary experts and
heterogeneous stakeholders. To enable effective collabmmatamong them, the URBREATH Toolbox
provides a unified framework that facilitates coordination, data integration, and sustainable project
outcomes.The URBREATH Toolbox leverages a logical architecture designed around the following key
characteristics.

= =4 4 2

Promotion of crosglisciplinary collaboration

Centralise discovery and access to heterogeneous and scattered data.

Adaptiveness and flexibility, to allow the reuse of the toolbox over time for different projects.
Facilitate stakeholder engagement and communication, ensuring that local voicebeagl

and that projects meet local needs

Ability to perform simulation and analysis, enabling stakeholders to model and compare
different scenarios of interventions and assess the potential impacts of NBS projects.

Define, track, and report on key performance indicators.

Ability to perform data visualisation, transforming complex data into understandable visual
representations such as charts, graphs, and 2D/3D maps.

These characteristics are developed within a logical architeauganised intoten macro areagD2.5)
summarised in the following and depicted Figurel?.

T

Data Discovery and Sharingffers a unique and uniform access point to discover the whole
set of information managed through the URBREATH Toolbox (i.e. datasets collected from
connected systems and produced by the toolbox, information about available models, tools,
data sources, at).

City Data Visualisationoffers the Uls of the components of the URBREATH Toolbox which
OANOGEOA OOAOOG ET OAOAAOQEIT jAscs £ O AAOA Ot
City Monitoring includes functionalities to monitor parameters of interest in the city (i.e. KPIs).
Data Analysis and Processingncludes specific data analytics and simulations, identified
according to the needs and purposes of the URBREATH pilots.

NBS Planningoffers functionalities to support decision makers, planners, etc. in investigating,
designing, and planning NBSs.

! Section ABC summarises the main changes with respect to the initial logical architecture of the URBREATH Toolbox
NBLR2NIGSR Ay GKS 5SSt AJSNSGdA NB5Sypi aléwd. wo!l ¢ LI F G F2NY
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1 E-Participation supports the engagement of stakeholders and their interaction within
participatory process for planning, monitoring and evaluating interventions such as NBSs
projects.

1 Data Managementprovides functionalities to collect and manage data from heterogeneous
data sources, and to interoperate with data spaces.

1 Components Communicationoffers functionalities enabling intercomponent communication
channels that allow the other components of the URBREATH Toolbox to interact.

1 Process Orchestrationallows to define execute and orchestrate complex processes that
involves different components of the URBREATH Toolbox.

1 Security: this area includes the functionalities that allow to manage users, their role, access
permissions, as well as the user authentication and authorisation.

Figure 1: Logical architecture of the URBREATH Toolbox
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Each macro area offers a series of digital servidesailed in section 4)hat cover a specific set of
homogeneous functionalities. The tenacroareasare complementary with respe¢b each other and
together offer the complete set of capabilities of the URBREATH Toolbox. It is important to underline
that, despite the mutual complementarity of the macro aredt®g URBREATH Toolbox is conceived as
modular, offering the opportunity to select single components of interest for local deployment or
001 EAAOGG 1. musCube reDdability Afd@eplicability opportunities acsbeyond the
URBREATH projecareensured
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3 Usess and roles

The URBREATH Toolbas designed to serve a diverse group of users ranging from city officials and
domain experts to community members and visitors. To ensure ease of use for therapfieation

offers different experiences depending on the role and level of access of each user. The typical journey
through the platform can be broken down to three kinds of users: Admin, Logged User, Data Scientist
and the Guest User.

Admins are representative of the Municipality with expertise, entitled to manage the platform. A
logged user is any stakeholder interested in contributing with comments and new content, required to
login to operate. Data Scientists are invited users witpertise in different fields. Guest users are
instead only interested in accessing public content within the platform with no need for registration.

For the sake of clarity, a direct correlation betweparsonas defined in D2.5 aride rolesthey can
play is summarised ifablel.

Table 1: Personas and roles

Arantxa Sanchez Urban planner anc Design Innovative  Data Scientist
policy maker NBSs to satisfgpecific
needs
Luigi Riva Local Governmeni Deliver effective anc  Admin
Official legally compliant
solutions
Kim Clijsters Environmental Ensures that NBSs are ~ Data Scientist

Scientist, Technology environmentally
Developer, and Date beneficial and efficient

Analyst
Gheorghe Hagi Real Estate Develope Achieving a balance Logged in
and Investor between financial

return  and  social
impact through NBSs

Emilio Butraguefio Community Leader Foster aparticipatory Admin
planning process and

maintain strong
community support
Elizabeth Bennet Dedicated Citizen Contribute to Logged in

community growth
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The LRBREATHoolbox ensures that each audience whether managing, contributing, or simply
exploring has a clear and intentional experience aligned with their goals.

The functionalities provided to the different roles are managed by Security and User Management
area, defined irsection4.12 of this documen(that isbased on Keyclogkwvhich guarantees needed
features such as rolbased access control and session management

Admins are typically municipal representativaad community leadersgharged to manageontent
published on theplatform. After logging in with secure credentials, thepd upon the URBREATH
toolbox dashboard where they can oversee all activities.

Registered users, such as stakeholders or municipal partners, register to participate more actively in
decisionmaking processes. In fact, by logging they can explore content, post comments, and
submit their own experiences, projects, or ideas.

Arantxa Sancheg© DA OOT T Ah AO Al OOAAT DI ATTAO AT A P
simulations involving her plans and policies. The same must be true for Kim Clijsters and all other
partners involved in technical tasks. To achi¢his, the role Data Scientisiguaranteestheir specific
privileges.

TherolA GaestusersAT 180 1T AAA O OACEOOAO OI AAAAOGO bPOAI
AAOAOGAOOR AT A OADPTI OO0 &EOAAIT U8B (1 xAOBAOh OEAU A:
OEAUGOA AT Al OOACAA O1T OECT Ob A& O ifkéutahacoAh A OO
guests can gain valuable insights and learn from the shared experiences available on the platform.
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4 Digital Services Provided

This section summarises the digital services (tabia) are part of the first version of the URBREATH
Toolbox,describing their purpose, offered functionalities and main technical details.

4.1 Data Storage
4.1.1 FROSTSTAServer

4.1.1.1 Description and Purpose

The FROST®ervef (Fraunhofer Open Source SensorThings Server) is an -sparce
implementation of the OGC SensorThings ABéveloped by Fraunhofer I0O3BIt provides a high
performance, resourcefficient platform for storing and accessing IoT sensor data via a standardized
RESTful interface. Designed for use in both research and commercial applications, FROST® supports
reaktime scenarios such as smaities, environmental monitoring, and emergency management. It is

also recognized by the European Commission as a best practice for sharing measurement data under
INSPIRE guideline¥he data model implemented by FROST® is compliant with OGC standards

4.1.1.2 Key Features and Functionality
The FROST&erver offers a range of key features and functionalities:

TheFROSTGEServer is freely available as opsaurce software.

The FROST@erver implements the OGC SensorThings %ARhsuring interoperability and

adherence to international standards.

It is designed to deliver fast data processing with minimal resource consumption.

It provides a standardized RESTful API for seamless integration with diverse applications and

systems.

1 It supports reatime access and management of I0T sensor data, suitable for dynamic
scenarios such as smart cities, environmental monitoring, and emergency response.

TmT)0 EO OAAT I T AT AAA AU OEA %OOT PAAT #1011 EOOEII
data in compliance with INSPIRE guidelines.

1 It ensures that sensor data remains fresh, accessible, and reliable for continuous use.

1
1

= =

4.1.1.3 Technical implementation
The FROST Server comes in three packages, and thus also in three docker images:

2 https://github.com/FraunhoferlOSB/FROSErver
3https://github.com/opengeospatial/sensorthings
4 Institute of Optronics, System Technologies and Image Exploitdiitps://www.iosb.fraunhofer.de/en.html

5 https:/ffraunhoferiosb.github.io/FROSServer/sensorthingsapi/requestingData/SDataModel. html

8https://www.ogc.org/standards/sensorthings/
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1. Theall-in-onepackag€ contains both the HTTP and the MQTT parts of the FRG8Wver.The
HTTP and MQTT parts can direcdtgmmunicate,and they runin the same JVMJava Virtual
Machiné®), with minimal delay between updates and MQTT message delivery.

2. The HTTP only packadeontains theHTTP part of the FROSTserver It should be used
together with the MQTT only packagdp have anarbitrary number of HTTP and MQTT
components, connecting to the samdatabase, and communicating among each other
through the message bus.

3. The MQTT only packagd®it contains the MQTT part of the FROSErver.To support multiple
HTTP and MQTT instances, a message bus was introduced.

The FROST Server can be run in Tomcat or as a docker ifhAgBostgreSQL server with PostGIS
extensions is also requirétl

PostgreSQL is a powerful, opesource objectrelational database management system known for its
reliability, rich feature set, and high performance. The official documentation offers comprehensive
guidance on installation and usage, and the ogmurce conmunity provides numerous resources for
learning and exploring its capabilities

PostGIS is an extension for PostgreSQL that adds support for geographic data. It enables the storage,
indexing, and querying of spatial data within the database, making PostgreSQL a powerful tool for
geographic information systems (GIS).

4.1.2 Structured, Timeseriesand NoSQLDB

Given the diverse and voluminous nature of the data it processes, ranging from sensor time series to
spatial and semantic metadata, selectirappropriate data storage systems was a critical design
consideration. This chapter details the rationale, architecture, and implementation of the data storage
systems adopted in the URBREATH toolbox. Three principal categories: structured relational
databases, timeseries databases, and NoSQL databases, analysing their roles, benefits and limits.

4.1.2.1 Structured Datdase

Structured databases, particularly relational database management systems (RDBMS), are used in
URBREATH to handle tabular data with wedifined schemas.

Main strengths of these systems are guaranteed reliability and consistency of critical metadata, and
schema enforcement (enhancement of data integrity and enabling of complex queries). On the other

7 https://hub.docker.com/r/fraunhoferiosb/frostserver/

8 https://www.java.com/en/download/help/whatis_java.html

9 https://hub.docker.com/r/fraunhoferiosb/frostserverhttp/

10 https://hub.docker.com/r/fraunhoferiosb/frostservermaqtt/

1 https://fraunhoferiosb.github.io/FROSServer/deployment/docker.html

2 https:/ffraunhoferiosb.github.io/FROST Server/deployment/architecture packages.html
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hand, these kinds of DBs are less suitable for higlocity data ingestion and largscale temporal
data, which led to the integration of more specialized systems for tseees data.

Two structured databases are used in the system: as the unified data backend for the dashbeards th
chosen one i®ostgreSQL, a relational database with spatial extensio®oétGlS, used for storing
structured metadata and supporting complex queries and geospatial operationsMy180L, used in
legacy modules or for lightweight structured data storage where spatial or advanced querying features
are not required, offering broad compatibility and ease of deployment.

4.1.2.2 Timeseries Database

Sensors and meteorological instruments generate highguency, timestamped measurements.
Managing this volume of datefficiently required a timeseries database optimized for fast writes and
time-based queries.

In this context the used one iafluxDB, optimized for highfrequency sensor data that enables fast
data ingestion, timebased queries, and efficient loAgrm storage through retention policies.

4.1.2.3 NoSQL Database

The URBREATH toolbox deals with sestriuctured and unstructured data. To handle this flexibility, a
NoSQL documervoriented database was necessary. Main strengths of these structures are flexible
schemas that supports evolving data structures without ¢pgnigrations, powerful querying on
nested documents ideal for storing complex configuration data and model results, and horizontal
scalability to facilitate performance tuning and high availability for distributed deployments.

For these purposesMongoDB was chosen, a NoSQL document database used to store -semi
structured and unstructured data such as model outputs, configuration files, andgeserated
content. Its flexible schema supports evolving data formats

Table2 summarises the maidatabases used by the URBREATH Toolbox components.

Table2: URBREATH Toolbox components databases

GeoCacher Generated layers data MongoDB

Context Broker(Orion-LD) Context data (NGSILD MongoDB
entities)

E-Participation = Web  Apg Data for digital participation PostgreSQL

(Decidim) (proposals, votes, etc.)

E-Participation Mobile App Data forapplication mobile MongoDB

KPIManager Definition of KPIs (description Postgresq|l

associated data  sources
formula, etc.)
Calculated values of KPIs InfluxDB
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FROSTServer Sensor data (loT) according 1 PostGIS
the OGC SensorThings AP
standard

Dataset Catalogue, Model General platform data MySQL

Catalogue, and Data sources
Catalogue (ldra)

Geo Network Geospatial metadata PostgreSQL, PostGIS
VIEAI Data for Artificial Intelligence Not specified
dashboards

Data Visualisations an( Data for Business Intelligenc PostgreSQL

Dashboards (Apach8uperse) and data visualization

Workflow Management anc Data for workflow PostgreSQL

Execution (Apache iflow) orchestration (DAGS)

Security and UseManagement Data for user, identity, anc PostgreSQL

(KeycloaR access management (IAM)

NBS Registry Data related to registries (e.g. MongoDB
Nature-Based Solutions)

4.1.3 Object Storage

4.1.3.1 Description and Purpose

The Object Storage provides the abilityhandle large amounts of data files, both structured data
formats (e.g., large CSV datasets) and unstructured data like multimedia files (e.g., images, videos, etc.).
Each stored file (referred to as an object) is uniquely identified and is backed by reetiaatledescribes

its properties. The architecture provides for quick access, metadata augmentation, versioning, and data
life cycle management. Object storage is responsible in URBREATH for ensuring stable access to raw
and processed data for other compents.

4.1.3.2 Key Features and Functionality

The Object Storage plays a key function in supporting data analysis and simulation activities through
enabling access to large datasets and providing an assured place to store the results generated by the
processes. Its key functionalities are:

Scalable Object Repository: stores data in immutable objects with mass file ingest and retrieval.

S3Compatible APIs: offers a RESTful API for programmatic access via standard protocols,

offering wide client compatibility.

1 Metadata Management: stores all objects with useiIstom metadata to enable tagging,
categorization, and semantic annotation.

1 Versioning and Lifecycle Policies: offers object versioning and automated lifecycle policies for

archiving, retention, or deletion.

T
1
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1 Security and Access Control: offers rich permissions, encryption, and bucket policies to support
secure data isolation and sharing.

1 Fault Tolerance and Replication: offers data availability and durability through the replication of
nodes or data centers.

4.1.3.3 Technical implementation

Object storage in URBREATH is achieved dimi@, a highperformance object storage system that

is S3compatible and intended for cloudative deployments. MinlO is executed as a containerized
application and configured to offer Sdmpatible APIs such that internal components can use it the
same way tey would AWS S3.

One of the key aspects of the deployment is the bucket notification system: URBREATH configures
buckets to notify a single or multiple external endpoints with events (such as object creation or
deletion). This enables URBREAfbHIbox to realize reactive behavior, catalogues updatability,
triggering downstream data processing, or publishing metadata entries on new data availability.

Figure 2: Object Storage- MinlO
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In terms of security, MinlO enforces strict authentication and access control through a combination of
internal and external mechanisms:

1 All clients need to be authenticated using the AWS Signature Version 4 protocokefjngst

needs to support a valid access key and secret key.

MinlO includes an internal Identity Provider (IDP) for user and credential management.

It also supports external identity federation through OpenlD Connect (OIDC) providers, Active

Directory, or LDAP services allowing seamless integration with organizational 1AM

infrastructures.

1 Authorization is managed by poliegased access control, which determines what actions
(read, write, list, delete, etc.) are allowed per user, bucket, or object.

T
1

For protecting sensitive data, MinlO provides etwdend encryption:
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1 In-transit encryption ensures that data in transit over the network is encrypted via TLS.
1 At-rest encryption provides the facility that the stored objects get encrypted in buckets such
that even during storage compromise, the risk of exposure of data gets lowered down to zero.

Multi-tenant access control is provided by MinlO, under which different URBREATH services and users
can operate under disjoint namespaces. Metadata tags can be assigned to all objects stored for
describing content type, source, date of creation, and gegina context, which can be used by the
indexing or cataloguingcomponents. Versioningand access control policies are configurable via
-ET) /7 60 AAI E tcontphtifidSDKEAhZbling flexibB @nd secure data management.

4.1.4 GeoServer

4.1.4.1 Description and Purpose

GeoServer is an opesource server application that enables users to share, process, and edit
geospatial data. It supports a wide range of data formats and standards, making it a key component in
spatial data infrastructures.

4.1.4.2 Key Features and Functionality
Using open standards set forth by the Open Geospatial Consortium (OGC), GeoServer allows for

flexibility in map creation and data sharing.

Designed for interoperability, it publishes data from any major spatial data source using open
standards.

GeoServer can also display data on any of the popular mapping applications such as Google Maps,
Google Earth, Microsoft Bing Maps, and MapBox.

In addition, GeoServer can connect with traditional GIS architectures such as ESRI & (I&355.
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Figure 3: GeoServet®
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4.1.4.3 Technical implementation
GeoServer is developed in Java and runs on any platform that supports a Java Runtime Environment
(JRE). It is a web application that can be deployed as a standalone server or within a Java Servlet
container such as Apache Tomcat.

GeoServer requires a Java 11 or Java 17 environment (JRE) to be installed on thgT$ystemast be
done prior to installation.

4.2 Data Connectors

4.2.1 Data Catalogues Connectors

The Data Catalogues Connectors allow the interconnection between the Dataa&tlogue of the
URBREATH Toolbox and catalogue repositories external to the URBREATH Toolbox. These
connectors represent the connection point that allows the Dsgh Catalogue to "federate"
heterogeneous catalogues within a homogeneous catalogue accessible to the end user via a Web Ul
and REST APIs.

B Source: https://live.osgeo.org/it/quickstart/geoserver_quickstart.html
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with the APIs they expose, collect the metadata about datas#iey manage, and uniform the
representation of these metadata according BlCATFAP.

Table 3: Data Catalogues Connectord

CKAN
DCATDUMP

DKAN
JUNAR

NATIVE

OPENDATASOFT

ORION
SOCRATA

SPARQL

SPOD

WEB

Zenodo

Data Catalogues Connectors are part of the DataSatalogue and from a technical point of view they
are embedded intoldra, the technical assed employed for the implementation of the Dataset
Catalogue(section4.8.])

API v3

DCAT_AP v1.1, DCATAP_IT
v1.0

DCAT Catalog endpoint
APl v2.0

APIv1.0

Search API v2

NGSIv2, NGSLD
DCAT Catalog endpoint

vl.l

CKAN API v1&2

v1.0

V1.0

Connector forlCKANportals
Connector to import metadats
via dump file compliant with
DCATAP or DCATAP_IT
Connector foDKANportals
Connector forJunarportals
Connector for Idra Federatiol
API

Connector for OpenDataSoft
portals

Connector that allows to creatt
datasets with NGSIV2/NG&ID
guery-based distributions
Connector forSocrataportals
Connector that allows to creatt
datasets with SPAQRL query
based distributions

Connector forStat Portal Open
Data(SPOD)

Connector to import sitemaps
in order to scrape and federat
custom websites

Connector to import all
datasets linked to a communit

¥ Source Idradocumentation;https://idra.readthedocs.io/en/latest/architecture/architecture/#architectureverview

[D4.7 URBREATH NBS ICT integrated sdlution
URBREAT#H10113971t HORIZOMIISS2023-CLIMACITIE®1-01

Page |23


https://ckan.org/
https://getdkan.org/
http://www.junar.com/
https://www.opendatasoft.com/
https://socrata.com/
http://www.statportal.it/open-data
http://www.statportal.it/open-data

Co-funded by Horizon Europe ProjectRBREATH @
B HORIZOMISS2023 CLIMACITIE®1-01 48 URBREATH

4.2.2 1oT Connectors

4.2.2.1 Description and Purpose

loT Connectors in the URBREATH architecture are responsible for ensuring transparent
communication between a wide range of 10T devices and the rest of the platform. The connectors
facilitate the realtime sensor data collection by supporting different coramcation protocols
commonly used in the loT ecosystem (e.g., MQTT, LoRaWAN, HTTP). Through translating protocol
dependent messages to a common data model, IoT Connectors render the data produced by physical
devices consumable in the URBREATH Toolbox.

4.2.2.2 Key Features and Functionality

loT Connectors within the URBREATH platform are designed to handle different communication
protocols handled by IoT devices, such as MQTT, HTTP, LoRaWAN, and Lightweight M2M. This
support for multiple protocols ensures that different devices supplied hyous vendors with their

own communications standards can be integrated without changes to the URBREATH architecture.
One of the functionalities asked for in such connectors is that they will be able to translate protocol
specific payloads into standardidedata formats- most notably NGSLD or the OGC SensorThings
API. This translation standardizes all incoming data so that it will be understood and processable by
the system regardless of the device origin. Due to this architecture, I0T Connectors make it easy to
import live streams of data related to environment, mobility, and urban infrastructure into the context
layer of the platform. They also facilitate periodic device management activities, such as registering
new sensors, monitoring their functiong or updating configurations, in protocalgnostic interfaces.

4.2.2.3 Technical implementation

In URBREATH, loT datategration is performed using IoT Agents, middier elements that are
protocol translators between the devices anther components such as Frost Server @don-LD
Context Broker. One IoT Agent controls a specific communication protocol and translates the
messages of the device into NGHD context information OGC SensorThings ARbGT Agents act as

a bridge, allowing devices to send information using their native protocols without blocking the
URBREATH platform from obtaining semantically enrichegioperable context data. The agents are
modular, extensible, and comply with the FIWARE osewnirce standard. They also support
interaction with external identity providers and polibyased access control according to the security
requirements of the pledbrm. Below there is a summary of the most used IoT Agents and supported
protocols

Table4: IoT Agents
loTAgent ~ Protocol  Descripion

loTAgent-JSON MQTT /HTTP Intercepts MQTT/HTTP messages with JSON payl
to map into NGStontext data

loTAgent-LWM2M  Lightweight M2M  Supports LWM2M protocol, bridging it with NGSI f
device management and telemetry

loTAgent-UL UltraLight 2.0 Handles UltraLight 2.0 payloads over MQTT/HTTP ¢
maps them to NGSI entities

[D4.7 URBREATH NBS ICT integrated sdlution Page |24
URBREAT#H10113971t HORIZOMIISS2023-CLIMACITIE®1-01



o-funde Horizon Europe ProjectfRBREATH “
Cofunded by
B HORIZOMISS2023 CLIMACITIE®1-01 4Jf URBREATH

loTAgent- LoRaWAN Converts messages from LoRaWAN networks i

LoRaWAN NGSI format for integration into the context broker

loTAgent-Sigfox Sigfox Integrates Sigfox 0T messages with the FIWA
context model

loTAgent-ISOXML  ISOXML TranslatedSOXMl:-based telemetry (used in precisic

agriculture) into NGStompliant context data

4.2.3 IT Platform Connectors

4.2.3.1 Description and Purpose
IT Platform connector is a set diinctional blocksdesigned to enable secure, standard and

interoperable communication between the Toolbox and external IT systems used in the data
environments.These connectorfacilitate integration of other systems such as legacy ones, municipal
databases, and thirgbarty services by providing a modular interface to handle data exchang®.6 O
important to note that this connector is not a dedicated software asset, but it provides guidelines for
specific implementations of this kind of connector, sire@ch implementéon is tailored for a specific

IT system of a Municipality to be interconnected to the URBREATH Toolbox.

The connectolis conceived tmperate as a bridge, allowing the URBREATH Toolbox to both retrieve
data from and deliver data to external IT platforms without disrupting existing infrastructure. It
OOPDPI OO0 52" 2% 4(60 1T OAOAI 1 -domdin uiba® amigtics) WO ET C
respecting local data governance, security policies, and technical constraints.

Figure4: IT Platform Connector
IT platform side

Authentication and Authorisation

URBREATH side APIs

Context Broker

Semantic Adaptation

IT Platform
URBREATH Connctor for IT

Platform Integration Logic

Data Link Service Link

4.2.3.2 Key Features and Functionality
The URBREATH Toolbox Connector incorporates a sétirmétional blocks each responsible for a

specific aspect of the integration process:

Table5: IT Connector functional blocks

Authentication Enforces secure access to data and services, protects endpoints
and unauthorized or malicious access, enforces the policies defined by botk
Authorization platform and the external system
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API Provides a standardizeidterface through RESTful APIs for interacting with t
connected system. These APIs ensure a uniform method for data retri
submission, and service invocation, customized to the technical specific
each IT platform

Semantic Translates exchanged data formats into the semantic models used by

Adaptation system. This ensures that incoming and outgoing information is semantic
aligned with the URBREATH knowledge framework, supporting o©
interoperability

Integration Manages coordination and execution of integration workflows, includ

Logic AAAPOAOQGET I Ol OEA 1 ACAAU OUOOAI
requirements. Handles tasks such as data transformation, anonymization,
orchestration of access protocols

Data Link Facilitates direct access to the data managed by the connected IT Platf
"AOAA 11 OEA DI AOAEI Oi 80 OPAAE Z£E#d
data governance rules

Service Link Enables interaction with the services provided by the connected platform.

allows to not only access data but also trigger or manage operations remo

4.2.3.3 Technical implementation
The connector architecture is split between URBREATH and external IT Platform side. The technical

setup involves deploying a set sttandardized REST endpoints that manage different aspects of data
exchange:

/proxy: Accepts incoming data requests forwarded by authorized entities
/data: Receives data payloads from sending systems
/about/version: Returns metadata about tleennector's configuration and capabilities

These endpoints follow protocols based on HTTP and HTTPS, depending on the policies. The
connector's API specification ensures compatibility with existing data systems and is informed by the

TRUE Connector and IDS architectural patterns, promoting openaesisstandardization. To adapt

to diverse urban IT environments, the Integration Logic Layer is designed to be extensible and
configurable. It supports variable authentication schemes, multiple data formats, and a range of

security protocols.

The URBREATH Toolbox Connector for IT Platforms provides a secure and flexible solution for
integrating different urban systems, adopting a layered and modular approach to ensure
interoperability. This enables the URBREATH Toolbox to deliver on its gdatibfating rich, cross
domain urban analytics while maintaining compatibility with existing city infrastructures.
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For the implementation of the functional blocks, some tools already available in the URBREATH
Toolbox can be employed.

Concerning the Authentication and Authorisation capabilities, the recommended tool is Keycloak.

Semantic adaptation can be supported by Apache Airflow (i.e. Workflow Management and Execution).
For the implementation of the Integration Logic, the Data Link and the Service Link Apache Airflow
can also be employed; however, since they are closely rélate¢he technicatharacteristics of the IT
Platform to be interconnected with the URBREATH Toolbox (e.g. Exposed APIs, databases,
framework, programming languages, etc.), in many cases, it could be necessary to implement them
from scratch.

4.2.4 Data Repositories Connectos

4.2.4.1 Description and Purpose
URBREATH Toolbox aims at enabling integrated urban analytics by bringing together data from

multiple sources relying on a broad mix of data systems. To access these sources efficiently, the
Toolbox usedresto DB an opensource, distributed SQL query engine designed for fast federated
AAOA AAAAOO8 7EOE 0O0OAOOT 860 AT11AAOI OOh 52" 2%! 4
to move or duplicating data, providing a unified, flexible interface for crdssnain urban data
analysis, minimizing infrastrucire complexity.

4.2.4.2 Key Features and Functionality |
The PresteAAOAA AAOA AT T1TAAOT OO0 1T £AEAO OAOGAOAT AEAAOOC
scalability, interoperability, and data sovereignty. Main ones can be described as follows:

Table 6: Data Repository Connectos

Federated Users can query multiple data sources simultaneously using standard
Querying without needing to centralize data
Support for Connectors are available for a wide range tfchnologies, including

Heterogeneous  PostgreSQL, MySQL, SQL Server, MongoDB, Redis, Amazon S3, Apache
Sources and Hadoopbased systems

On-Demand Data remains in place, allowing URBREATH to work with-tiea, historical,
Data Access and static data without prior transformation or replication
Extensibility Additional connectors can be configured to integrate new systems or (

repositories
Transparency Availability of a web interface which allows users to monitor queries and sy:
and Monitoring  performance in reatime, supporting operational oversight
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4.2.4.3 Technical implementation
Within the architecture, Presto is deployed as a distributed system composed of a Coordinator node

and multiple Worker nodes with different purposé3oordinator handles query parsing, planning, and
management, while the Workers are responsible for executing query tasks and retrieving data from
connected sources.

Data repositories are connected Rrestothrough a dedicated connector module configured through
simple properties files. These configurations define access parameters such as endpoints,
authentication, and metadata mappings. Once a connector is active, its datasets appear within
0 OAOOIT &dataldylieFalBiuiAg them to be queried like other SQL tables.

4.2.5 Data Spaces Connector

4.2.5.1 Description and Purpose

The Data Spaces Connector is a key part of the URBREATH setup. It helps to let safe, uniform, and
policy-driven data sharing happen between groups in a joined and trusted zoaked a Date&5pace.

It fits with the rules of the International Data Spaces (IDS) plan, and the connector makes sure of data
control, use checks, and working together well. Within URBREATH, it aids in teamwork across areas
and borders with other setups and smart cifyages, supporting trusted and clear data sharing.

4.2.5.2 Key Features and Functionality
A Data Spaces Connector is designed to support these capabilities:
1 Trusted Data Exchange: it makes sure that talks between data givers and users are safe and can
be checked. This keeps data true and real.
1 Usage Control Enfeement: it sets clear rules on who can use the data, how they can use it,
AT A xEAO EOB8O0 £l 08
1 Role Flexibility: it can act as both the one giving data (letting others reach certain data sets) and
the one getting data (asking for data from other places).
1 Interoperability: it follows world rules like the IDS Reference Model and works well with other
IDSready connectors and help.
1 Protocol and Format Flexibility: it uses many ways to send data (like HTTPS, IDSCPv2,
WebSocket) and many types of messages (like multipart/mixed, JRONHTTP headers).
1 PolicyAware Interaction: Each transaction is evaluated based on predefined contracts and
policies, ensuring alignment with data governance requirements.

4.2.5.3 Technical implementation

In URBREATH, th®ata Spaces Connectors implemented using the FIWARE TRUE Conneetor
(TRUsted Engineering Connector), a modular and epeuarce solution which is IB&mpliant. Under

the AGPL v3 license, the TRUE Connector has been designed to be very configurable and integratable
into a variety of varied smart city use cases.

15 https://fiware-true-connector.readthedocs.io/en/latest/

[D4.7 URBREATH NBS ICT integrated sdlution Page |28
URBREAT#H10113971t HORIZOMIISS2023-CLIMACITIE®1-01



Co-funded by Horizon Europe ProjectRBREATH “
B HORIZOMISS2023 CLIMACITIE®1-01 48 URBREATH

The TRUE Connector is composed of three main components:
1 Execution Core Container (ECC): execution core engine responsible for processing secure data
exchange operations.
1 FIWARE Data Application: processes incoming data requests and passes on the resultant
responses according to business logic.
1 UsageControl Data Application: verifies whether the requesting entity is entitled to receive
the data, according to usage policies specified.

Figure5: TRUE Connector components$

CONSUMER CONNECTOR IDS Trusted Environment PROVIDER CONNECTOR

P Data APP f = Data APP

UC APP Communication Channel UC APP

: F
CIREST (HTTP/HTTPS)
Execution Core Container gﬁ:;:” LS Execution Core Container

Response Types

QIDSResponseMessage

QIDSResultMessage

QIDSRejectionMessage
ORejectionReason

a. C

Clearing House Clearing House
Client APl

Private endpoint Internal endpoint Public endpoint Client API
(intranet) (docker engine) (internet)

The TRUE Connector can operate in consumer moelgjesting data access to external providers, and
provider mode, providing data to other connectors based on access control decisions. It can transport
data through various transport protocols, for example, HTTP, HTTPS, WebSocket over HTTPS, and
IDSCPv2, 1ad can deal with a range of content types such as multipart/mixed or multipart/form.

In URBREATH, the TRUE Connector acts as the gateway for secure data sharing to ensure that all
outgoing and incoming data exchange adhere to the prescribed usage control rules and bring the
platform closer to larger objectives like the Common European [Ciiaces.

4.3 Components Communication

4.3.1 Message Broker

4.3.1.1 Description and Purpose
The message broker component of the URBREATH architecture is intended to facilitate the reliable,
reattime exchange of data between heterogeneous systems, such as IoT devices, data processing

16 Sourcehttps://ffiware-true-connector.readthedocs.io
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services, analytical engines, and dashboards. As a communication hub, the message broker
implements a publish/subscribe model, in which producers send data to named channels (topics), while
consumergeceivethe data either in real time or in deferred mode.

Its primary goals are to:

91 Decouple producers and consumers, allowing systems to operate independently and
asynchronously,

9 Offer scalability and fault tolerance in data exchange workflows,
1 Allow streamingbased applications such as environmental monitoring, data ingestion
pipelines, microservice orchestration, and regshe analytics.
AEEO AOAEEOAAOOOAIT 1 AUAO AT OOOAO 52"2%! 4( 80 Af

varying system loads and integration scenarios.

4.3.1.2 Key Features and Functionality
The message broker in URBREATH provides a rich set of features fepdrfgitmance data streaming
and integration:

1 Distributed Messaging & Event Streaming: messages are distributed across multiple nodes and
replicated for high availability and fault tolerance.

1 Topicbased Publish/Subscribe: data is sent via topics, which can be partitioned for parallel and
scalable consumption.

1 Durable Storage with Retention Policies: persistently stores the messages that can be replayed
or stored based on configurable retention policies.

1 High Throughput & Low Latency: supports millions of messages per second witsesudnd
latency, suitable for realime processing.

1 Consumer Group Support: provide lo&dlanced and coordinated consumption by multiple
consumers, with offset tracking to ensure reliability.

1 Stream Processing Integration: supports integration with réale data processing
frameworks to enable complex event processing.

1 Connector Ecosystem: provides extensibility for integrating with external systems (e.qg.,
databases, APIs, file storage).

1 Security & Access Control: secures communication using encryption and access control
mechanisms.

1 Monitoring & Observabilityexposes performance metrics and system health indicators for
operational visibility.

4.3.1.3 Technical implementation

In URBREATH, the message broker is implemented using Apache Kafka, a distributed, high
performance event streaming platform. Kafka provides the messaging backbone withicehtre,
managing the flow of reatime data between internal components through a publish/subscribe model.
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Figure 6: Message Broker (Apache Kafk#)

Partition A

Topic! @ @ @ @ ... evenpaa
Topic 2 . . . . ... EventData

. L
Producers - Consumers
Partition B —

Topic1 . . . . ... FEventData
Topic 2 . . . . ... EventData

Producers(including IoT gateways and internal URBREATH seryipeblish data to the topics.
Consumers process the data either in real time (for dashboards and alerts) or batch mode (for analytics
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Kafka providesative capabilities to connect to external systems for faolierant and scalable data
transfer from and to external data stores such as relational databases, NoSQL databases, and cloud
services. The integrations allow for seamless creation of-endnd data pipelines without custom

code.

Kafka also enables native stream processing capabilities, enablinginealdata transformation and
analysis as it travels through the system. This includes native support for complex operations such as
filtering, aggregations, joins, and timbased windaving, all executed within the Kafka stack without

the need for external processing engines.

To ensure structured and consistent data exchange, schema management features allow messages to
conform to predefined formats. These capabilities enforce validation during serialization, maintain
compatibility across message versions, and help preventrerdoring data processing.

4.3.2 Context Broker

4.3.2.1 Description and Purpose

The URBREATHER platform's context broker saves, organizes, and publishes the entities' and systems'
state in real time. It provides a globaljeryablelayer of knowledge where all entities are semantically
defined and continuously updated based on reairld modifications.

The context broker represents a digital twin of the city, where each entity (e.g., a sensor or traffic

OECTI Al EO OAPOAOAT OAA xEOE AOOOEAOOAO j Ascsh
connectedTo). Its role is to ensure semantiasistency, interoperability, and reliability in accessing

17 Sourcehttps://hazelcast.com/foundations/datand-middlewaretechnologies/kafka/
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and updating live urban data, serving as the foundation for-teaé decisionmaking, automation,
and smatrt city intelligence.

4.3.2.2 Key Features and Functionality
The context broker in a smart city architecture offers the following core capabilities:

T

T

= =

Entity Lifecycle Management: creation, update, deletion, and querying of entities and their
attributes and relationships.

Standardized Data Models: semantically enriched data support with formalized data formats
like JSONLD formachinereadable context.

Subscription & Notification System: Mechanisms to subscribe to context changes and
asynchronous receive notifications for some conditions or thresholds.

Temporal Data Support: Integration with timseries storage components to enable historical
gueries and trend analysis.

RESTful APIs: Standard HTTP interfaces for accessing and writing context data.

Semantic Interoperability: adherence ontologies and vocabularies (e.g., SAREF,-BEAT
enabling data federation and integration across domains.

CrossDomain Integration: interoperability with additional context brokers and data sources,
enabling federated sharing of data within city systems or across regions.

4.3.2.3 Technical implementation
In URBREATH, the context broker is implemented usingpn-LD (ContextBroker), an opersource,

NGSILD-compliant context broker developed within the FIWAREounity. OrionLD is a successor
of the original Orion Context Broker since it has taken over the N@&S$tandard that utilizes JISGN
LD and Linked Data principles to provide semantic interoperability and richer emtigelling.
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Figure 7: Context Broker (OrionLD)!®
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Orion-LD is deployed as a containerized microservigpjcally from a stable Docker image. It uses
MongoDB as its primary storage backend andaiso capable of supporting QuantumLedpmnd
CrateDB°to enable timeseries storage and analysis of historical context data.

NGSIHLD entities in OrioALD can be used to model urban objects and phenomena (e.g., air quality
sensors, traffic sensors), attributes (such as measurement values and timestamps) and relationships
(like spatial or functional associationgj@contexb files are used to enforce semantic structure,
ensuring consistent interpretation of data across different domains.

The subscription and notification functionality allows URBREATH services to respond to context
changes in real time. For example, it can trigger downstream services or alerts when specific conditions
(e.g., pollution thresholds) are met.

Lastly, OrionLD supports semantic enrichment using domaspecific ontologies like SAREF and
standards such as DCAAP, enabling interoperability with other NG&D-compliant platforms. This
makes URBREATH capable of federating urban data across systedchenanicipalities, supporting
scalable and modular smart city deployments.

18 Sourcehttps://github.com/FIWARE/tutorials. NG82/blob/master/docs/iotagent.md
19 QuantumLeap is a REST service for storing, querying and retrieving NGSI v2 ah@® N@Slatemporal data
https://github.com/orchestracities/ngstimeseriesapi
20 CrateDB is a distributed SQL database management system that integrates a fully searchable dodemtexdt data
store. It is opersource, written in Java, based on a shanmathing architecture, and designed for high scalability.
https://github.com/crate/crate
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4.4 Process Orchestration

4.4.1 Workflows Management and Execution

4.4.1.1 Description and Purpose
Within Process Orchestration macirea, Workflow Management and Execution is a fundamental

element that supports the definition, management, and execution of processes. It also coordinates
interactions among different tools of the URBREATH Toolbox to achieve results efficiently. Apache
Airflow has been selected as the tool for implementing this functionalgiven its robust ecosystem.
Airflow uses Python scripts for workflow definitions, enabling flexible and programmatic orchestration
of pipelines, combined with scheduling and process monitgrieatures accessible via a udaendly
web-based UI.

Figure 8: Workflows Management and Execution (Apache Airflovf}
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21 source: https://github.com/FIWARE/tutorials.N&2Iblob/master/docs/iotagent.md
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4.4.1.2 Key Features and Functionality
The main features of this component can be summarized as folioWwable7.

Table 7: Workflows Management and Executiorg Main features

Workflow Definition Workflows are defined usingPython, providing high flexibility ir
via Python Scripts designing process logic and dependencies
Scheduling Supports sophisticated scheduling options and eweniven triggers to

control when workflows execute

Process Coordination Coordinates the interactiondbetween multiple tools and component

within the URBREATH Toolbox to deliver etadend process automatior

Monitoring and A rich, webbased interface allows users to monitor workflow statt
Administration Ul inspect logs, view execution history, and manage workflow configurati
Robust Error Handling Tasks within workflows have configurable retries and faili
and Retry Policies management, ensuring resilience and minimizing downtime
Parallelism and Supports parallel execution of taskand can scale horizontally b
Scalability distributing workloads across multiple nodes

Integration Seamlessly connects with various data sources, processing framew
Capabilities and external services within the Toolbox ecosystem

4.4.1.3 Technical implementation
The Workflow Management and Execution functionality is implemented through Apache Airflow,

following these key technical details:

T

DAG Based Workflow Definition: Each workflow is encapsulated in an Airflow Directed Acyclic
Graph (DAG) defined as a Python script. The DAG outlines tasks, their dependencies,
schedules, and execution parameters.

Task Operators: Workflows leverage a mix of bunltAirflow operators and custom operators
designed to interact with various URBREATH Toolbox components.

DependencyManagement: Task dependencidésOA ODAAEAZEAA DBOI COAI T AO
intuitive syntax, ensuring tasks execute in the correct sequence.

SAEAAOI AO AT A %@AAOOI Od ! EO&IT x50 OAEAAOI AO
according to configured schedules and external events.

Process Monitoring and Logging: The Airflow Ul provides detailed-ties# monitoring of
workflow executions, including task status, logs, and historical performance metrics.

Alerting and Notification: Integrated alerting mechanisms notify operators of task failures,
retries, or successful completions viar@il or messaging platforms such as Slack.

This implementation ensures that complex, muttomponent processes within the URBREATH
Toolbox are orchestrated reliably and transparently.
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4.5 Data Analysis and Processing

4.5.1 Heat Stress Analysis

4.5.1.1 Description and Purpose

This module is designed to assess urban heat Islands using satidhiteed Land Surface Temperature
(LST) data. It highlights critical areas within urban environments that are significantly warmer than
surrounding rural areas due to human activities s@ashurbanization, infrastructure density, and
vegetation loss. The primary output is a percentdggsed Urban Heat Island (UHI) Intensity Index (O
100) Use cases for this index can be found in sectors such as climate adaptation planning, public health
interventions, and energy demand forecasting.

4.5.1.2 Key Features and Functionality

The Urban Heat Island (UHI) analysis pipeline integrates multiple satellitestdataes (including L40
LST at 10 meters, Lands&/9 at 30 meters, and MODIS akilometer resolution) to support a wide
rangeof spatial analysesT'he temporal resolution of this tool can be every 5 to 7 days, or diskts

can select between monthly, seasonal, or annual temporal aggregations, depending on their
monitoring needs. The workflow is fully automated, though it allows the optional input of a custom
rural reference shapefile for increased precisidhe output is a GeoTIFF raster with normeatizUHI
index values, ranging from 0 to 100, expressed as percentages. Built for scalability, the pipeline
supports global application, with automated rural area detection ensuring adaptability across diverse
landscapes. Impressively, the system can proagsgo 100 squard&ilometresin approximately 20
minutes on standard infrastructure, offering both speed and reliability.

4.5.1.3 Technical implementation
Urban Heat Islands (UHIs) are computed by measuring the difference between the Land Surface
Temperature (LST) of urban areas and that of a rural reference area.

The process begins with the user defining the Area of Interest (AOI) and optionally providing a custom
shapefile for the rural baseline. If not provided, an automatic methodology identifies rural areas based
on land cover (LC) classification and tree ca¥ensity (TCD). The LC map filters out noatural land

types, focusing on greenery and agricultural classes, while the algorithm ranks candidate areas by high
tree canopy cover and low population densitikey indicators of rural characteristics such asrspa
infrastructure and low anthropogenic heat emissions.

LST data, downscaled to 10 m resolution using Sentthahd LandsaB/9 imagery, is then retrieved
and pre-processed including cloud masking and temporal filtering. Median LST is computed -pixel
wise over the selectetime.

For each urban pixel, UHI intensity is calculated as the difference between its LST and the median LST
of the identified rural area:

UHI Intensitypixel = LSPpixel LSTrural

[D4.7 URBREATH NBS ICT integrated sdlution Page |36
URBREAT#H10113971t HORIZOMIISS2023-CLIMACITIE®1-01



Co-funded by Horizon Europe ProjectfRBREATH @
B HORIZOMISS2023 CLIMACITIE®1-01 48 URBREATH

This intensity is then normalized to g 000 scale using:
UHI pixel£UHI Intensityixel- min (UHI Intensity) max JHI Intensity} min UHI Intensity) * 100

The final output includes &eo TIFRaster of the UHI index, with the option to generate hotspot
visualizations and overlays to support mitigation planning.

4.5.2 Shadow Modelling

4.5.2.1 Description and Purpose

The shadow tool is designed to ansdyand visualize shadow coverage for a given areatiamelusing
CesiumJS and the VW®lap framework In summary, the shadow tool automates the process of
calculating, visualizing, and exporting shadow coverage and its effects for a selected area and date,
using CesiundSshadow mapping capabilities and a udeendly interface.

Table 8: Shadow ModellingResults

100 —_—
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60 1

Shading [%]

40 | |
20 \

0 -
01:00 04:00 07:00 10:00 13:00 16:00 19:00 22:00
@ Shading [%]

4.5.2.2 Key Features and Functionality
Its main features and workflow are:
1. Shadow Analysis

The tool calculates the shadow ratio (the proportion of an area covered by shadow) for-a user
defined polygon on the map.

It does this by:

1 Projecting the polygon coordinates to the Cesid8scene.
1 Rendering the scene with shadows enabled for specific time intervals throughout a
day.
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1 Reading theshadow map (a WebGL framebuffer) to determine which pixels within the
polygon are in shadow.

2. Time Series

The tool iterates over a full day (in-B@inute steps), updating the sun position and
recalculating the shadow ratio for each time step.

For each time step, it stores:

1 The timestamp.
1 The calculated shadow ratio.
1 A PNG image (base64) of the shadow map for that time.

3. Visualization & Export

The results are visualized in a chart (using ApexCRarshiowing shadow ratio and estimated
temperature over time.

The user can export the results as a PDF, which includes:

The chart.

The shadow map images for each time step.
Tabular data of shadow ratios and temperatures.
Project and date information.

= =4 =4 4

4. Customization

The tool allows for customization of material properties (e.g., concrete/glass share, absorption)
and environmental parameters (e.g., temperature, radiation).

These parameters are used to estimate temperature changes due to shadowing.
5. Integration
The tool is integrated into a Vue.js Ul, providing dialogs for export and user input.

It interacts with the V@®/Aap app instance to control the map, layers, and Cesi8stene.

22 An opensource JavaScript library to build interactive data visualizations; https://github.com/apexcharts/apexcharts.js
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4.5.2.3 Technical implementation
The shadow analysis tool leverages CesiumJS and the VCMap framework to compute and visualize
shadow coverage over a usdefined area andime. The process involves the following steps:

1.

2.

Scene Setup: The tool configures the Cesium scene, including activating shadows and adjusting
the sun position for each time step using the JulianDate?API

ShadowMap Extraction: For each time interval, the tool reads the shadow map directly from
the WebGL framebuffer using gl.readPixels. This provides gewd| data indicating shadowed

and nonshadowed areas.

Polygon Projection: The useatefined polygon is projected from map coordinates to screen
coordinates using Cesium's SceneTransforms.worldToWindowCoordinates.

Pixel Analysis: The tool iterates over the pixels within the polygon's bounding box, using a
point-in-polygon test to determine which pixels are inside. It then compares the shadow map
data to a base image to calculate the shadow ratio.

Result Aggregation: For each time step, the tool stores the shadow ratio, timestamp, and a
PNG image of the shadow map.

Visualization & Export: Results are visualized using ApexCharts and can be exported as a PDF
report with jsPDF, including charts, images, and tabular data.

This approach enables efficiertigh-resolution shadow analysis and reporting for urban planning and
environmental studies.

2 https://cesium.com/learn/ionsdk/ref-doc/JulianDate.html
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Figure9: Shadow modelling- implementation components
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4.5.3 Adaptive RainfallInfiltration Tracking

4.5.3.1 Description and Purpose

The Adaptive Rainfalinfiltration Tracking model, developed within the URBREATH project, is a
diagnostic and predictive tool aimed at assessing water infiltration in urban environments, especially
under changing climate and land use conditions. Initiallyor&tl for Leuven, the model integrates
environmental and hydrological datasuch as soil moisture, infiltration rates, land cover, and
precipitation? to simulate how water moves through urban soils.

AEA TTAAIT 60 POOPI OA EO O OODBDPI OO OOAAT DPIFATT A
based analysis of land cover changes and their impact on stormwater infiltration. Although
development is currently focused on Leuven, partner cities like-Bagoca, Kajaani, and Aarhus have
expressed interest in adopting it.

Future iterations will include urban surface types and provide fisendly outputs like heatmaps,
scenario analysis, and statistical assessments, making the tool a key asset in climate adaptation and
nature-based planning.
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4.5.3.2 Key Features and Functionality

The infiltration prediction model provides comprehensive analysis capabilities for urban water
management through a combination of machine learning predictions and phsised modelling.

The tool enables rapid assessment of infiltration performance acrdéferent surface types and
weather scenarios, supporting evidentased decisiormaking for sustainable urban development
and naturebased solutions implementation.

Core capabilities

1 Multi-surfacepredictionevaluates different surface types from impermeable (e.g., asphalt) to
high permeability(e.g., rain gardens, bioswales)

1 Realtime weather integratiomprocesses temperature, precipitation, humidity, and antecedent
soil moisture conditions with seasonal adjustment factors

1 Scenario comparisoanables sideby-side analysis of conventional vs. natdrased solutions
(NBS)

1 Prediction accuracyachieves R? > 0.95 performance on synthetic training data with consistent
crossvalidation results

Prediction engine

1 Machine Learning comandom Forest regression model with configurable parameters trained
on 10.000+ synthetic data points

1 Physicshasedoundationincorporates established soil science equations and literatiegved
parameters

1 Surfacespecific adjustmentsach surface type has predefined infiltration multipliers and
hydraulic properties

1 Weather effectmodellingapplies moisture factor (i.e., antecedent precipitation), temperature
factor (i.e., freeze effects), and seasonal vegetation factor

1 Feature encodindabel encoding for surface types, standardized numerical features for ML
processing

Input data processing

Soil propertiesorganic content, clay content, bulk density, porosity, hydraulic conductivity
Weather dataprecipitation, temperature, humidity, -day antecedent precipitation
Surface type selectiopre-defined surface categories with associated hydraulic properties
Temporal factorslay of year, month, season for vegetation and weather effects

= =4 -4

Output Formats

1 Spatial mapsgrid-based infiltration capacity visualization across study areas
1 Temporal heatmapsoil moisture and infiltration rates across depths and time intervals
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1 Time series forecastrily infiltration predictions with weather correlations over configurable
periods

1 Surface comparison matricggerformance analysis across all surface types under multiple
weather scenarios

1 Statistical visualizationglistribution analysis, correlation heatmaps, sensitivity plots

1 Data exportsCSV files with prediction results, PNG/PDF visualizations with timestamps

User Interaction

1 Surface type comparisoselect multiple surface types for sid®/-side analysis under same
conditions

1 Weather scenario testingput custom temperature, precipitation, humidity, and past moisture
values

1 Time series analysigenerate forecasts for specified surface types over chosen time periods
(days/weeks)

1 Spatial scenarimodelling compare different urban development scenarios (conventional vs.
NBS implementation)

1 Interactive demonstrationbuilt-in demo modes for parameter sensitivity analysis and scenario
building

4.5.3.3 Technical implementation

The model is implemented as a modular Pythbased system that combines established soil science
principles with machine learning techniques. The architecture follows a thager approach: data
input processing, predictive modelling core, and compreheasiutput generation. Built using scikit
learn for machine learning, matplotlib for visualization, and pandas for data management, the system
is designed for both standalone analysis and potential integration into larger urban planning
workflows. The implenentation prioritizes computational efficiency, scientific accuracy, and user
accessibility while maintaining the flexibility to incorporate real field data as it becomes available.

Core Technologies

Machine Learning framework

Algorithm: Random Forest Regressor (scildarn)

Training data: Synthetic dataset based on literature equations and Belgian climate patterns
Features: 13 input variables (smibperties + weather + temporal factors)

Performance: R2 > 0.95, RMSE < 3.0 mm/hr

= =4 -4

Data Approach- Current vs. Future

This initial version utilizes a synthetic training dataset generated from established soil science
literature and realistic weather patterns. The synthetic approach enables rapid model development
and comprehensive coverage of surface types and weathenaoes without the time and cost
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constraints of extensive field data collection. While this provides excellent comparative analysis
capabilities and reliable relative performance rankings between surface types, the model will be
enhanced with real field measurements as they become avkilflom ongoing monitoring efforts in
Leuven and partner cities. Future versions will integrate actual infiltration measurements, continuous
soil moisture monitoring, and sitgpecific calibration data to improve absolute accuracy and local
validation. Ths hybrid approach balances immediate functionality with letegm scientific rigor.

Data Management

Surface databasecatalogie of 10 surface types with hydraulic parameters

Weather integration reattime data processing for temperature, precipitation, humidity
Spatial processinggrid-based analysis with configurable resolution

Temporal handlingdaily predictions with seasonal adjustment factors

= =4 =4 4

Visualization Engine

Mapping library Matplotlib/Seaborn for scientifigrade visualizations

Interactive plots multi-panel displays with correlation analysis

Heatmap generationsoil depth vs. time infiltration tracking

Statistical charts distribution analysis, performance comparisons, sensitivity plots

= =4 A

Data FlowmFigurel0)
1. Input processing: weather datgurface typeselectionand soil properties
2. Feature engineering: temporal factors (season, day of yaadmoisture calculations
3. ML prediction Random Forest inference with confidence intervals
4. Output generation: visualization creatigstatistical analysisndreport formatting
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Figure 10: Adaptive RainfalkInfiltration Tracking - Architecture
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4.5.4 Biotope Area Factor(small scale andysis)

4.5.4.1 Description and Purpose

The BAFCalculation plugin is designed for integration with the VC Map Ul application. Its main
purpose is to calculate the Biotope Area Factor (BAF) for a given map context. The plugin provides a
function (calcBAF) that processes spatial data layers (likely GeoJSON) to compute the BAF, which is a
measure of the proportion of ecologically effectivartace area in relation to the total land area. The
plugin can create a new BAF layer, perform the calculation, and aggregate results such as the total
area and the BARveighted area. It also integrates with the application's context menu and supports
internationalization (i18n) for English and German. In summary, the-Baleulation plugin enables

users to calculate and analy the Biotope Area Factor for spatial data within the VC Map Ul,
supporting ecological planning and assessment workflows.

4.5.4.2 Key Features and Functionality

Calculates the Biotope Area Factor (BAF) for spatial data layers, enabling users to assess the ecological
value of land use directly within the VC Map UlI.

1 Layer Management: Allows users to create and manage-Bgdcific map layers, supporting
spatial analysis and visualization.

1 Result Aggregation: Aggregates and summarizes important metrics such as total area and
BAFweighted area for comprehensive reporting.

1 Context Menu Integration: Enhances user interaction by adding custom context menu actions
related to BAF calculations on the map.

1 Internationalization (i18n): Supports multiple languages (English and German), making the
plugin accessible to a wider audience.

9 Custom Icons: Provides unique SVG icons for easy identification ofr&lafed features and
actions in the user interface.

1 Plugin Lifecycle Management: Includes robust hooks for initialization, configuration, state
management, and cleanup, ensuring smooth integration and operation within the VC Map
environment.

These features make the plugin a powerful tool for ecological planning, spatial analysis, and decision
making in urban and environmental contexts.

4.5.4.3 Technical implementation
The below diagram shows:

i The user initiates BAF calculation via the UI.
1 The plugin creates a BAF layer and calculates results.
1 Results are displayed to the user, typically in a result window.
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Figure 11: Biotope Area Factor (small scale analysisSequence diagrani*
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4.5.5 3-30-300 Analysis

4.5.5.1 Description and Purpose
The 330-300 Rule is an urban planning guideline designedrtbance the quality of life in cities by
promoting access to nature and green spaces. It consists of three key principles:

1 3 Trees every person should be able to see at least 3 trees from their home, supporting visual
contact with nature that can improve mental health and weding.

1 30% Canopy neighbourhoodsshould maintain at least 30% tree canopy cover, ensuring
sufficient green coverage that contributes to cooling urban heat islands, improving air quality,
and enhancing biodiversity

1 300 Meters every resident should live within 300 meters gfublic green space.

4.5.5.2 Key Features and Functionality
The implementation of the 80-300 Rule involves three analytical approaches tailored to each
principle:

1. 3 Treeg Visibility Analysis:
This part assesses the actual visibility of trees from residential buildings by simulating views from
OOEOOOAT xET AT x06 DI AAAA 11 AOGEI AET ¢ AZEAAAAARAOS
as lowresolution satellite imagery, detailed treeventories, or detection of individual tree canopies.

24The diagranillustrates user interaction and the output flow of the B&RIculation plugin
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The visibility is then calculated considering obstructions over a digital elevation mpdw®liding a
measure of whether at least three trees are visible to inhabitants.

2. 30% Canopy Tree Canopy Coverage Calculation
A circular bufferwith a predefined radiuss generated around each residential address (or building).
The algorithm then calculates the share of the area within the buffer that is covered by tree canopies.

3. 300 Meterg Proximity to Public Green Spaces
To assess whether residents have adequate access to public green spaces, a detailed analysis is
performed at the level of individual residential addresses or buildings. For each address (or building),
the algorithm checks whether it falls within a 3@@ter walking distance from a green area.

Since access to green spaces is not always direct or clearly marked, the model incorporates a huanced
definition of access points. Three types of access points are used to capture different possible
entryways. The first includes officially designated emtcas as mapped in OpenStreetMap (OSM),
typically labelledas gates. The second consists of intersections where the boundaries of green spaces
meet the pedestrian street network, representing natural points of entry. When neither of these is
present, the malel generates fictitious access points at regular -b@€ter intervals along the
perimeter of green spaces, under the assumption that the entire edge is accessible to pedestrians.

4.5.5.3 Technical implementation
Theinput data required are:

1 Tree crowns:single tree crowns (vector, polygons), tree canopy (vector, polygons), or tree
census (vector, points);

1 Residential addresses obuildings.
1 Digital Surface ModegIDSM)with at least 1 m resolution (raster);
1 Green urban publicspaces
1 Gates/accesses to green urban public spaces (vector, points)@®W (Open Streetmap).
1 Road network from OSM (topological line network).
Output data

1 Rule 3 30 300 residential buildingsuildings with the addition of the following attributes:

1 Rule 3:aBoolean value (1 if three trees are visible, O otherwise).

1 Rule 30:a true or false value indicating compliance with the 30% canopy coverage threshold
and the corresponding percentage value

1 Rule 300 a Boolean field indicating whether a green area is present within 300 meters
(true/false) and a distance field (in meters) specifying the proximity to the nearest green area
(only populated if theBoolean value is true).
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For each building, Boolean values indicate whether each individual rule is satisfied. In addition to these,
a final aggregated score combines the three rules into a single index. A score of 0 is assigned if none of
the threerules? 3 trees30% canopy coverage and proximity within 300 metease met; a score of 1

if only one is satisfied; and a score of 2 if both are fulfilled. If a third additional criterion is also met, the
final score is 3.

Rule 3 Visibility Analysis calculation

The output is generated through a detailed QG¥8rkflow involving the following steps:

1. Extraction of Tree Centroids! O3 ET CI A #AT 1 bU 40AA6 OAAOI O 1|
centroids of individual trees.

2. Virtual Window Generation: Building polygons were converted into perimeter lines
representing building facades. Facades adjacent to other buildingsd therefore unlikely to
have windows? were excluded. Along the remaining facades, points were generated at
regular intervals to snulate window positions.

3. Viewshed Analysis5 OET C 1' ) 3860 6EAXxOEAA 11T AT UOGEO OT 11
computed. The analysis determines the surface area visible from a given observation point,
based on a digital surface model (DSMphin a radius of 50 meter3he output of the viewshed
analysis is 8ooleanvalue: 1 if there are trees visible inside the area, and 0 if not.

4. Sampling and Output: The Booleanoutput from the viewshed analysis was spatially joined
with the points generated along the building facades (virtual windows). For each virtual window
point, it was determined whether it falls within an area where trees are visible (True) or not
(False).

5. Aggregation on buildings: The aggregation at the building level is done based on the majority
of the generated virtuapoints being true, producing Booleanindicator (true/false) to specify
whether the rule is satisfied or not

Rule 3z Tree Canopy Coverage Calculation

The method relies on vector data representing individual tree crowns or aggregated tree canopy to
identify areas of high vegetation. It can be applied using two alternative approaches depending on
data availability. In one approach, residential addressebwoldings are used as reference points. For
each building or address, a circular buffer zone is generated (e.g., with a radius of 200 or 500 meters).
Within this buffer, the algorithm calculates the percentage of the area covered by tree canopies.

Each address or building is then assigned two attributes from this calculation:

1 a True/False value indicating whether the canopy coverage meets or exceeds the 30%
threshold.
i an integer value representing the percentage of canopy coverage.
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This procedure is implemented using a QGIS Modeler workflow. The algorithm is extended to include
aggregation at the addresses/buildings level to specify whether the rule is satisfied or not.

Rule 306 Proximity to Public Green SpacéSalculation

The first phase of the analysiSate Classificatigriocuses on identifying and categorizing all potential
access points to public green spaces. This step uses three input layers: polygons representing green
areas, a set of potential gate locations, astgeet network data.

A QGIS model classifies each gate into one of three categories:

1 Type A official gates: access points explicitly designated in OpenStreetMap (OSM) as formal
entrances.

1 Type B: ntersections withroads.

1 Type C virtual access points.

The second stepnvolves a Python script that processes two GeoPackage files: one containing
residential address points (or buildings) and the other containing green space gates. Both layers must
use metric coordinate reference systems (CRS) to ensure accurate spatiputations. The script
creates a 300neter circular buffer around each address point. Through a spatial join, the script
identifies all gates located within each buffer zone. For every addgese pair found, the script
dynamically constructs a routing regst URL with origin and destination coordinates, which is sent to
the OSRM API to calculate the true walking distance. If the distance is 300 meters or less, the address
is flagged as accessible within the threshold. To optimize processing time, oncelifyog gate is

found for a given address, the script skips checking any remaining gates associated with that address.
The algorithm is extended to include aggregation at the addresses level to specify whether the rule is
satisfied or not.

Although every implementation has primarily utilized OpenStreetMap and Urban Atlas data, the
methodology remains compatible with any local or regional datasets.

4.5.6 Public Transport Accessibility Analys

4.5.6.1 Description and Purpose

The Public Transport Accessibility analysis aims to asatjre impact of the public transportation
network on the city's functions. Public transport accessibility plays a vital role in the overall
functionality of a city by ensuring that people can move efficiently, affordably, and sustainably
between different areas. It enables equitable access to jobs, education, healthcare, and social
activities, particularly for those without private vehicles, such asiogome residents, the elderly, and
youth. Highaccessibility reduces traffic congestion, lowers greenhouse gas emissions, and enhances
urbanliveabilityby encouraging a shift away from car dependency. Furthermore, it supports economic
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development by connecting businesses to a widabour pool and customer base. In essence,
accessible public transport is a cornerstone of inclusive, resilient, anefumellioning urban systems.

4.5.6.2 Key Features and Functionality

This analysis aims to comprehensively quantify the quality and effectiveness of a city's public
transportation network, focusing on two key dimensions. The first dimension evaluates the spatial
distribution and density of public transport access pomtidc as bus stops, train stations, and tram

lines? across the urban landscape. Proximity to these access points is a critical factor influencing
AEOEUAT 06 T EEATEEITA T £ AET T OET ¢ DOAI EA OOAT ODPI
andtimes®ET ¢O AOA AO OOAEA8 4EA OAAITTA AEI AT OETT A
to how efficiently different parts of the city are connected through available public transport modes.
This includesnalysingtravel times, transfer frequency, and network coverage to determine whether
residents can access essential services, workplaces, and social opportunities without excessive detours
or delays. Together, these axes provide a holistic view of accessibiliiylighting both the physical
presenceand the functional performance of public transport within the city.

4.5.6.3 Technical implementation

This analysis will operate in a manri&e the 1¥ninute city index described in Sectidi5.8 4 EA AEO
roadhetwork topology will be assessed to extract road intersections, which serve as access points
connecting each city block to the rest of the urban fabric. This topology is downloaded from
openkource repositories such as OpenStreetMap, #mel precise locations of pubBransportation

points are retrieved from the same source. The analysis encompasses various modes of public
transport? including bus stops, train stations, tram lines, and metro lines. Next, the tool calculates the
proximity of each city block to these modes, assigning a weighting factor to each to reflect its
contribution to the overall system. For example, in smaller cities buses may be more important than
trains for everyday trips, whereas in larger cities metro lines igtadm the backbone of the network.

The second part of the analysis incorporates puliansport schedules and routes to determine how
easily different parts of the city can be reached from a given starting point. The final output is a Public
Transport Acessibility Index which, like the Zbinute city analysis, is presented as a visual map
overlay showing the scores for the various parts of the city.

In terms of technology stack, this module is pythbased, utilizing similar libraries to those described
in Section4.5.7.3 Given that the development of the module is stiigoing, its integration in the
URBREATHT oolbox has not commenced, and will be described in detail in the next deliverable
version

4.5.7 15 minutes city (proximity index)

4.5.7.1 Description and Purpose

The algorithm is designed to assign a proximity index to services within a specific territory, evaluating

El x AAOEI U DI EIT OO T &£ ET OAOAOGO j01)0q AMinuteAA OA
AEOUO6 AT T AADPO ET OOT A GrBah doddl ehvisioAsGhatimOst daily Oekds ist®uldd E E
be met within a 15ninute walk or bike ride from home. The core aim is to measure the accessibility of
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essential urban services in a way that is both globally applicable and locally detailed. To ensure broad
usability and replicability, the algorithm relies exclusively on freely available, @oeince data.

4.5.7.2 Key Features and Functionality
Algorithm Steps

1. Tiling theArea of Interest

The area is divided into rectangular tiles based on a maximum size specified by the user. The algorithm
automatically calculates a uniform tile size that fits the entire area, ensuring all tiles are equal in size
and as close as possible?tbut not exceedng? the userdefined maximum. This step is performed

only once, while the subsequent steps are repeated for each tile.

2. Data Download

For each tile, the algorithnstarts the process by creating the necessary folders to store the
downloaded data. It then retrieves all essential datasets required for the analysiev#tionanalysis

is enabled, a Digital Elevation Model (DEM) is first downloaded to incorporate topographic context.
This is followed by downloading the street network from OpenStreetMap, which provides the basis for
calculating routes and accessibility. Lastlfhe algorithm collects the Points of Interest (Pols)
corresponding to the selected service categwi

To ensure that the spatial coverage is comptetspecially along the edges of each tilthe area from
which data is downloaded is intentionally expanded beyond the tile boundaries. Specifically, the
download area extends an additionalk#lometresfor walking analyses and ldlometresfor cycling,
guaranteeing that the proximity calculations remain accurate even near the edges of each tile.

3. Generating the Hexagonal Grid (Computation step)

Each tile is now divided into hexagons with a diameter of 250m (125 m side), chosen as the optimal
trade-off between spatial resolution and computation time.

4. Calculating the Proximity Index

The index is calculated based on the walking time from nodes in the street network to the nearest point
of interest (Pol) within each service category, considering only streets that are accessible to
pedestrians. Each hexagonal unit is then assigned aipriox value that reflects two key aspects: the
presence of essential services in the surrounding ameavering eight categories including groceries,
education, healthcare, banks and post offices, parks, entertainment, sustenanceshtaopd® and the

ease ofreaching those services via paths that are either walkable or bikeable, depending on the
selected mode of traveleither on foot or by bicycle).

Each hexagon receives one of the following values:

1. 15minute zone z all main services reachable within 15 minutes
2. 30-minute zone z at least one service takes between 15 and 30 minutes to reach
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3. 60-minute zone 7 at least one service takes between 30 and 60 minutes
4. Low-proximity zone z at least one service is not reachable within 60 minutes
5. No-proximity zone z none of the services are reachable within 60 minutes.

5. Merging Results

Once the analysis is completed feach individual tile, the results are merged into a single output file.
This consolidated file, named according to the selected mode of travel (e.g., walkability foot.csv or
walkability _bike.csv), is saved in the specified output folder. The spatial datiainnthe file is
referenced using the EPSG:3857 coordinate system.

Orography Consideration

The algorithm can account for terrain elevation, resulting in more realistic travel time estimations by
adjusting pedestrian speed based on slope. This improves accuracy compared to the traditional
approach that assumes flat terrain and constant walkingesp

The algorithm is executed using the following command:

versionePy esecutore.py "[latMin, lonMin, latMax, lonMax]" diamEsag dimMaxTass
"pathOutFolder" Orography weight category by > pathOutFile 2>&1 &

Command parameters:

1 "[latMin, lonMin, latMax, lonMax]": bounding box of the area of interest, in EP8&26
diamEsag:diameter of the hexagon, the base spatial unit used for aggregation (250m)
dimMaxTass:maximum size of the tiles into which the arealisided.

"pathOutFolder": folder path where the output will bsaved.

/ OT COAPEU j A AuE\oDFalSe]spécified Whethed tq account for terel@vation.
weight: impedance type to define distances on the network (e.g., 'space’, ‘Jime’

category (default: 'all'): the service category on which to calculate the index (one of the 8
available service categorigs

1 by (default = 'foot"): travel mode used to compute the index (‘foot' or 'bike").

= =2 =2 4 A A

4.5.7.3 Technical implementation

The algorithm has been implemented in Python and relies on a set of specialized libraries for geospatial
analysis, networkmodelling, and data handling. It can be executed in any standard Python
environment equipped with an IDE or via command line and requires access to OpenStreetMap for
data retrieval.
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Table9: 15 minutes cityz technical background

Programming language Python
Pandana, geopandas, numpy, pandas, osmr
Libraries used rtree, pyproj, shapely, geovoronoifiona=1.9.5,

rasterio, gdal,scipy, beautifulsoup4
Tools needed to implement and run the Python, IDE, command line
algorithm

Input and Output Data

Input data is downloaded from OpenStreetMap using the pandana.loaders library. The data is saved
as CSV files in the output folder.

Input data is divided into two categories:

1 Network (nodes and edges and their length);

1 Pois(points of interest), divided into 8 categories based on the OSM Wiki classification.
2T AA 1T AOxT OE AAOA EO OANOAOOAA xEOE OEA £EEI OAC
downloading only walkablstreets

This step can be replaced with a custom alternative process in case the user plans to use data from a
source different from OSM.

Output data is in CSV format with the following columns:

1 Geometry: hexagonWKT.

One column per eacpoi category showing theveragetime to the nearespoi.
countNaN: number of categories not reachable within 60 minutesfoat.
Averagetime to reachablePois(only those within 60 minutes

City: general proximity level of the hexagon (one of the 5 levels).

= =4 4 =4

4.5.8 Visual Interpretable and Explainable Al

4.5.8.1 Description and Purpose

In recent years, Explainable Atrtificial Intelligence (XAl) has emerged as a critical field within the
broader Al domain, aiming to demystify the inner workings of complex machine learning maegls.

Al systems are used icritical areas like healthcare and urban planning, XAl helps build trust by
clarifying how inputs lead to specific outputs. This allows both experts andexperts to interpret,
validate, and respond to Adriven decisions with greater confidence and agntability. In the context

of the URBREATH project, the Visual Interpretable and Explainable AlAlYtBol developed by
EXUS, plays a key role macilitating a better understanding of the decisianaking processes
embedded in advanced Al systems. Itinpary function is to take as input the Al models developed by
other project partners, along with a representative subset of the datasets used to train those models.
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This approach allows VAEI to generate meaningful insights into how various input features affect
model predictions.

At its core, VIEAI leverages a suite of explainability techniques tailored to different user needs. One

of its central features is Feature Importance, which enables the visualization of how much different
Additive exPlanations) values, a staté-the-art method for attributing model predictions to
individual input features in a mathematically sound and visually intuitive way. This allows users to
assess nobnly which features are important, but also the direction and magnitude of their influence

on specific predictionsWhile the full potential of VIEAI will be realized when it is applied to all Al
models developed under the URBREATH project, its current application has focused omexdgtireg

model provided by EXUS. This initial demonstration has successfully showcdded ) 6 © AT O
capabilities. As other models from project partners become available;Alltwill be systematically
integrated to supportO AT OPAOAT AU AT A ET OA Ob Qhasedahaitids Gydr. AAOI
4.5.8.2 Key Features and Functionality

The VIEAI tool integrates a wide array of features designed to enhance model transparency and support deep

ET OAOPOAOAAEI EOU T &£ ') OUOOAI 68 /TA T &£ EOO AAT OOAI
provides users particularly data s@ntists and technical expertswith essential insights into the nature of the
iTAAT AARET C Al Al UOGAA8 4EEO EIT Al OAAG A OOI T AOU 1T £ (
performance metrics, and visual diagnostics such as observed vs. fg@d@lue plots and residual plots. These

visualizations help users quickly assess the reliability and performance of the model by highlighting where and
how predictions diverge from observed outcomes.

Figure 12 Prototyped version of the VIEAI tool interface, highlighting the Individual Predictionstab.
VIE-Al

Select Index Prediction

=3
Conmbunonf Plo( W P.zm-.xl’ Do‘po'ndc-{\cc-vplt‘).t»
I— O
=% ] ‘ et ‘ ‘,
« ==
L
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A core pillar of VIR is itsintegration of SHAP analysis. The tool offers multiple SHz#€Red tabs,
including feature importance plots where input variables are ranked according to their contribution to
model predictions. Users can sort these visualizations based on absolute SHAR walpermutation
importance andcustomize the number of features displayed. Additional SHAP functionalities include
interaction plots, which allow detailed inspection of relationships between pairs of features, and
feature dependency plots, which reveabnlinearities and thresholds that may influence outcomes.
Complementing the SHAP analysis is the inclusion of LIME (Local Interpretable Mgdestic
%Dl AT AOET 10Qq8 4EEO OAAOGEIT 1T &£ OEA O111 1T EOOIC
techniques, such as heatmaps and cdmesed analysis of prediction contributions. These allow users

to compare actual versus predicted outcomes on an individual basis and examine how specific features
influence a single prediction.

Interactivity is a strong theme throughoutthe VIE) AAOEAT AOA8 4EA O)skeAEOE A
Figurel?) enables users to select specific instances or time points to examine in detail. This includes
viewing prediction errors and the cumulative contribution of features toward a specific output.
Another noteworthy feature is the Partial Dependence Plot (PDRi)ctfwnality. Users can adjust
sampling rates and visual parameters to analyse how changes in one input feature affect model
predictions on average. The tool also includes a contribution table that lists features from most to least
impactful for a selectethstance, further supporting localized explanation.

4.5.8.3 Technical implementation

As previouslymentioned, the VIEAI tool implements a modehagnostic explainability framework
designed to work with prérained machine learning models in pickle format. The system takes as input
trained ML models and representative testing datasets, then provides comprehengplairable Al
capabilities without requiring access to the original training pipeline or data sources.

System Components

1 Model loading & validation layer- Handles ingestion of prérained ML models from pickle
files, validates model compatibility, and extracts model metadata and feature requirements.

91 Data processing layer- Processedesting datasets to match model input requirements,
handles feature alignment, and prepares data for explainability analysis.

1 Explainability engine - Core XAl functionality through modelgnosticRegressionExplaingr
ClassificationExplainer, SHAP/LIME integration for feature attribution, and explanation
generation without requiring original training data

1 Visualization layer - Custom Plotly components for model performance analysis, prediction
explanations, and interactive dashboards with specialized tabs (feature importance,
interactions, dependence plots, whdt analysis).

Core technology stack

Backend components

1 Python 3.10.15 Core runtime environment
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1 Scikit-learn: for Machine Learning pipeline implementation
1 SHAP/ LIME explainability models foleature attribution
1 ExplainerDashboard framework for building interactive ML model dashboards
1 Pandas & NumPy data manipulation and numerical computing
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Figurel3: VIEAI System Architecture Diagram
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Frontend & visualization:
1 Dash/Plotly: interactive web application framework and visualization library
1 Dash Bootstrap Components Ul component library for responsive layouts
1 HTML/CSS custom styling and layout management

Component communication

The system follows a streamlined workflow as depicte&igure 13 pre-trained model loadingY

test dataset ingestior¥ model-data compatibility validationY explainer initialization with
background samplingy interactive dashboard generatio¥ reaktime explanation computation for
user interactions.

4.5.9 Tree growing prediction

4.5.9.1 Description and Purpose

This plugin of the VC Map simulates the growth of trees over a set number of years, allowing users to
adjust growth rates and visualize annual changes. It provides detailed reports on tree growth, including
AAT T DU AT OAOACAR T @UC Aibn, abdwiatédr Oetnérifl.IThelsimutatiop cobski&r A O C
different tree species, growth rates (slow, moderate, fast), and age transitions (e.g., young to middle
aged). Results are presented in tables and charts, summarizing key metrics such as total and average
vah OAO &£ O 1T @UcCATh #/ 2h AT A xAOAO8 4EA bpiI OCET A
visualizations. Growth isnodelledlinearly per year, with special logic for lollipop trees and no negative
growth. Environmental factors like weather or soil are not included. The calculations are based on
typical values for urban and temperate trees. The plugin estimates the numberopi@supported by

the produced oxygen. All simulation results are based on the current configuration and assumptions
outlinedin the summary.

4.5.9.2 Key Features and Functionality
1 Simulates tree growth over a uséefined number of years, with adjustable growth rates (slow,
moderate, fast).
1 Allows dynamic visualization of annual growth, including the option for tidedayed
simulation steps.
1 Provides detailed reports and summaries, including tables and charts for canopy coverage,
I UCAT DPOT AOAOCEIT T h #/ 3 OANOAOOOAOEI T h xAOAO
1 Supports PDF report generation with simulation results, diagrams, and calculation area
screenshots.
T #A1 AOI AOGAO AT A AEOPI AuO Al OE OI OAT AT A AOAO;
year and per tree species.
1 Models tree age transitions (e.g., young to middiged) and handles special cases like lollipop
trees.
Excludes negative growth and environmental factors (e.g., weather, soil) for simplicity.
50A0 OAEAT OEZAEAAT T U AAOAA AOOOI POEITO &I O CC
and water needs.
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Estimates the number of people supported by the produced oxygen.
All results and calculations are based on the current simulation settings and are clearly
documented in the summary.

4.5.9.3 Technical implementation

1 The plugin uses atructured JSOMNbased internationalization (i18n) system, to manage all
userfacing text and labels, supporting easy localization.

1 The simulation logic is likely implemented in TypeScript

1 The Ul is built with Vue.js, enabling reactive and interactive user interfaces.

1 Simulation parameters (growth rate, years, dynamic growth, etc.) are configurable via the Ul
and passed to the simulation engine.

1 The plugin generates both tabular and graphical outputs, with chart titles and axis labels
defined in the i18n files, suggesting integration with a charting library.

1 PDF report generation is supported, with sections and captions defined in the i18n structure,
likely using a PDF generation library in the backend.

1 The simulation models tree growth annually, updating tree properties each year and handling
transitions between age classes and special cases (like lollipop trees).

1 All calculations are based on scientific assumptions and constants, which are documented in
the summary and likely implemented in helper or constants files.

1 The codebase is modular, separating concerns such as simulation logic, reporting, Ul, and
localization for maintainability and scalability.

1 The plugin does not account for environmental variability, focusing on deterministic,-data
driven growth moddling for clarity and reproducibility.
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Figure 14: Tree growing prediction- sequence diagram
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Below you can find@ne images taken from the report of the plugin:

Figure 15: Tree growing predictionz example of report 1 of 3

Table of average tree heights

Tree species
Catalpa_bignonicides
Prunus_cerasifera_Nigra
Betula_pendula
Picea_abies
Acer_platanoides
Fagus_sylvatica
Quercus_robur

Pinus_sylvestris

Table of calculated canopy areas

Tree species
Catalpa_bignonioides
Prunus_cerasifera_Nigra
Betula_pendula
Picea_abies
Acer_platanoides
Fagus_sylvatica
Quercus_robur

Pinus_sylvestris

Variant Count avg. height [m]
Middle-aged 2 13.96
Fully-grown 5 831
Fully-grown 4 871 30
Fully-grown 2 5.92
Middle-aged 7 15.49
Young 2 970
Middle-aged 1 11.59
Middle-aged 1 9.04
Variant Count  Canopyarea [m"]
Middle-aged 2 24482
Fully-grown 5 33556
Fully-grown A 115892
Fully-grown 2 31531
Middle-aged 7 1695.69
Young 2 22936
Middle-aged 1 14163
Middle-aged 1 137.10

13.02

Summary

Total number of trees: 24
Canopy area [m"]: 51,395.36 m*
Total area [m*): &,402.85 [m']

Canopy coverage ratio [%]: 1,167.32 %
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Figure16: Tree growing predictionz example of report 2 of 3
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Figure17: Tree growing predictionz example of report 3 of 3

Canopy area by tree species
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4.6 City Monitoring
4.6.1 KPI Manager

4.6.1.1 Description and Purpose

The KPI Managertool is designed to monitor, anadg, and manage key performance indicators at
various organizational levels. Its main objective is to provide useful information that supgicategic
decisionrmaking and performance optimization.

The tool aggregates information from various sources, including REST, diBparate databaseand
frost serverallows users to define KPIs tailored to their specific objectives and tracks them over time.
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Through intuitive visualization tools, such as dashboards, tables, and graphs, thefters users a
clear overview of 0 )progsess.

4.6.1.2 Key Features and Functionality
This tool offers many functionalities categorizable as follows:

1 Measurement Definition: ability to aggregate data from various sources, such as REST
different databasesand IT systems, such &sost Server

1 Customizable KPIglefine andmanage performance indicators based upon specific business
objectives.

1 Target Setting:set performance targets and identify deviations.

1 Visual Representations charts and graphs allow users to identify trends, patterns, and
anomalies.

' Historical Monitoring:track KPO évolution over time to evaluate trends and the impact of
interventions.

1 Collaboration Toolsshare charts, graphsreports, and KPI data with stakeholders to support
transparency and collective goal tracking.

1 Insight Generationprovides reaitime insights to guide timely decisiemaking and proactive
management.

4.6.1.3 Technical implementation
The KPI Manager is designed using a microservilzesed pattern for both frontend (Vue.js, Single

SPA) and backen@NodeJS, TypeScript, InfluxDB, PostgreSQL) components, ensuring modularity,
scalability, and ease of maintenance. Communication between the two sides of the application is
handled by a middleware microservice managing authentication and validation.
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Figure 18: KPI Managerz Internal components
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The KPIManageris organized into a series of specialized microservices, coordinated by a central
middleware (not depicted inthe figure above to reduce the complexity of tilagram) that acts as a

single point of access for all users. This middleware is responsible for authentication and access
authorization, managed through Keycloak. Keycloak is also used to organize user contexts,
implemented as groups, thus facilitating granulamtml of permissions and muHienancy access. In
addition, the middleware validates incoming requests and provides administrators with dedicated
tools for configuring the entire ecosystem.

At the heart of data collection is th&leasure Manager a microservice that enables complete

i ATACAI AT O | AOAAOGET T h OAAAET ¢ch OPAAOGET ch AT A A/
all the information necessary to connect to heterogeneous data soystesh as REST APIs, MongoDB
databases, SQL, InfluxDBnd are governed by role and contelxsed security mechanisms.

Once the measures have been defined, @@nnectors Manageicomes into play, retrieving the actual

data from these sources using the measure IDs provided by the user. The collected data is then
structured and transmitted througlthe Message Broker (i.&afka 4.3.]), the messaging system that
connects the various microservices.
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The actual calculation of KPIs is handled by thdicator Manager, which allows to configure
indicators, defining formulas and setting jobs for their periodic execution. These jobs are instantiated
as CronJobs on Kubernetes, using fremula Engine.

The Formula Engine actually executes the KPI formulas. This microservice integrates with Measure
Manager and Connectors Manager to collect current data, but also with Listeners Manager to obtain
historical KPlIs, if required by the formula. Once the data haen collected, the formula is evaluated,

and the result is sent again via Kafka for storage.

Once executed, the results of the jobs are sent via Kafka and managed by Téleudaith stores
them inthe Timeseries databasé.e. InfluxDB;section4.1.2); Telegraf allows easy integration with
multiple sources and destinations, simplifying data monitoring and reducing the need to develop
additional components.

Towards interconnection with other toothe Listeners Managerprovides an interface that allows
external systems to access historical KPI data stored in InfluxDB. This is essential for retrospective
analysis, reporting, and performance benchmarking.

The KPI managdeverageKuberneteg®to ensure scalability and the isolation of user data. Within the
Kubernetescluster, a service account must be configured with the necessary permissions to create
Jobs and CronJoB% enabling KPI calculations to be performed according to the defined schedule.

KPIManager is accessible throughéeb user interfacewhich offerstwo main sectionsthe measures
section and the KPIs section. Measures are needed as units thorough which obtain data used in the
monitoring of the KPIs.

After logging into the platform, the usesiccesse© E A O- A A O @rgheto: krdMadagadErbation
of a measurg which is dedicated to configuring measures. Héne userhas the option of creating a
new measure by choosing a descriptive name that clearly identifies it in the system.

In the example depicted iRigurel9the seleceéd measure type is an external source via REST API. The
user sets the HTTP method (in this case GET), then enters the URL of the API from which he wants to
retrieve the data. At this point, he specifies a JSONPath, which is the exact path in the body of the
JSON response where the value to be measured is located.

25 An opensource data collection agent; https://docs.influxdata.com/telegraf/ivl/
Yt L YFEYF3ISNI OFYy YIF{1S dza$S F+faz2 2F avlffSN az2ftdziazy F2N a
excute Kubernetes on local machines; https://minikube.sigs.k8s.io/docs/
27 CronJob allows scheduling the execution of tasks (i.e. jobs) on an IT system. Schedules are defined in Cron format;
https://kubernetes.io/docs/concepts/workloads/controllers/crejobs/
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To make the context or goal of the measurement more understandable, the user can add a short
description. Immediately after that, the platform offers a preview: a call to the APl is made and it shows
how much data (or values) were correctly retrieved bagedhe configuration enteredFigure20).

If everything is correct, the user saves the new measure, which will then be available for monitoring,

benchmarking, or display in the dashboard.

Figure 19: KPI Manager Creation of a measure

Name
FsTemperature rest -

Description

Temperature received from frost server API

— Method —— — Protocol — URL

GET - HTTPS - ‘ hitps:// frost-dev.urbreath.tech/FROST-Serve

JsonPath

&. value[*] result.uplink_message.decoded_payload. Temperature

» Private connection: no Activate if connection to source is private.

HEADERS

Key Value

Figure 20: KPI Manager Acquisition of measurements

Measure preview

The measure has 1 Q0 vawues

SHOW ALL VALUES

CLOSE UPDATE

NOTE: This is just a preview, save or update to mantain changes.
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' FGSNI aSGGAY3 dzlJ 6KS YSI adzNBax GKS dzaSN) OFy KSI
indicator. The first step involves entering the name and descripiotme KPI Figure21). Following
that, the user has the possibility to link the KPI to a certgiagraphidocation.

Then the user selecdthe measures that the KPI will usgi(Figure22). In the formula section, thaser
candefinethe mathematicaformulathat combines the available measures to define the KPI
calculation. Also, the user can preset the schedule for updating the KPI as well as define the target
which is the desired value to be reached or sustaitfédure23).

In the third step, the user chooses the appropriate chart that will best illustrate the KPI visually (line,

bar, etc.) (Figure24). Lastly, thausercan previewthe resultand verify its correctness before saving the
KPI(Figure25).

Figure 21: KPI Manager- Title and description of a KPI

Create KPI

Max Temperature

Description
This kpi calculate the max temperature ysing data of frost server apf

CANGCEL SAVE
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Figure22: KPI Manager Selecting the measure to use

° Definition Formula Dashboard Summary

Description + SverigE
This kpi calculate the max temperature @

using data of frost server api

== Leafiet | @ OpenStreetMap contributors

# MEASURES (@ KPIS Selected

Resources for later calculatic

Search & FsTemperature B
test duplicazione
test 09/06
test 1536 13052025

test 1154 13052025

©0C00O

test 1628 12052025

CANCEL CONTINUE

Figure 23 KPI Manager- Insert formula, schedule and target

@ Definition e Formula Dashboard Summary

KPI/Measures Formula ®

Drag and drop the KPI and/or measures you want to use in the new KPI i

& FsTemperature max(FsT emperature)

LaTeX: ymax\le({FsTemperature\right)

Schedule
Schedule every: i
1 - weeks -

Target and unit measure
Set the ideal value and unit of measure for this KPI.

Target value Linit Measure

5 Celsius - °C -

[ CAMCEL ‘ BACK CONTINUE
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Figure 24:KPI1 Manager- Select Chart Type

° Definition ° Formula e Dashboard Summary
Bar select the chart type you wish to display KPI values with
I <P values

II 250
IIIlIIIIII 200
Area 150
100
50
0

Line 12:00 1300  14:00 1500 16:00 17:00 1800 18:00 20:00 21:00 2200 2300

Doughnut

i,
s,
&

CANCEL ‘ BACK CONTINUE

Figure 25: KPI Managerz Save the KPI
Q Definition Q Formula a Dashboard o Summary

Description

Unit Measure
This kpi calculate the max temperature using data of frost server api

CELSIUS
Target Minimum Maximum Average
45.4567

o The KPI is currently empty. The data shown on this page are for demonstration purposes only.

I e Temperaturs

TC I

KPI Formula

max(F sTemperature)

SCHEDULING EVERY:1 weeks

[D4.7 URBREATH NBS ICT integrated sdlution Page |68
URBREAT#H10113971t HORIZOMISS2023-CLIMACITIE®1-01



Co-funded by Horizon Europe ProjectfRBREATH @
B HORIZOMISS2023 CLIMACITIE®1-01 48 URBREATH

4.7 NBS Planning
4.7.1 NBS Registry

4.7.1.1 Description and Purpose

TheNature-Based Solutions NBS) Registryisan applicationdesigned tarack, verify, and manage
projects that use naturdased methods to address environmental, social, and clirralated
challenges. These solutions can include activities like reforestation, wetland restoration, sustainable
agriculture, and conservation that deliver measurable b#isesuch as carbon sequestration,
biodiversity protection, and improved water and air quality.

The Nature-Based Solutions Registryserves as a centralized repository for documenting and
overseeing NBS projectiis primary purposes are to:

1 Promote transparencyby publicly listing project data.

1 Track and/or predictenvironmental outcomes, such as carbon credit or biodiversity metrics
related to the projects.

1 Ensure accountabilitythrough third-party validation and verification of project impacts.

1 Facilitate investment by providing credible data that stakeholders can trust.

4.7.1.2 Key Features and Functionality
In the current version, the NBS Registry facilitates the following key functionalities:

1 Project Registration: It allows pilot administrators toregister project data including
geographical information, media and related material.

1 Public Access & Transparencyit provides open data access to stakeholders and enables
search and visualization of project locations and overall data based on criteria like climate zone,
city, keywords and related problems.

1 Integration with tools like the Dataset Catalogue: It allowsa project administrator to corelate
the NBSswith relevant datasets.

All users of the system can access the search page of the NBS Registry and look for solutions that
match certain criteria (
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Figure 26). These criteria relate to the NBSs climate zone, the project city and any probtems
keywords the NBS may hav@he NBSs are presentazh a mapto allow the user to view easier the
geographical distribution othe NBSs, as well as in a box list fonuith basic informatioriike the title,

a description of the NBS3elated keywords, etc.

Clicking on one of thBIBSs through the map or the list the user can navigate to the details page and
view all the information related to the NBBigure27). A user with admin privileges can also create a
new NBSKigure28). The creation of the NBS involves the data entry ofNB& in four stages. In the

first tab, the user enters the NBS primary data like the tttle, climate zone, pilot, status, location,

main image and whether it is an URBREATH AiBS.the completion otll the primary data, the

user can move on to the next step which involves the entry of the secondary data likesthe
characterization, the challenges, the objective, the potential benefits and the lessons le&mnrtbd

next step the user connects the new NBS with datasets and KPIs from the Data and KPI Catalogues
respectivelyand in the final one he/she can upload photos, videos and relatatérial.
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Figure 26: NBSRegistry z Search page
NBS Registry ©

Filter Total: 5 NBSs
+
Q 9 Climate Zone -
MOSCOW o .
e % Pilot
MOCKE,
*| gm

@ Problems -
X WASHINGTON g @ Keywords -

Show only URBREATH NBS @ No I Yes

Reset Apply @
= Leaflet | © Stadia Maps © O es © Of c

Nature-Based Solutions

Discover sustainable solutions that work in harmony with nature.
A holistic approach to restoring ecosystems and building climate resilience.

:§c Boreal 9 Tallinn = Atiantic 9o Leuven = Atlantic Qo Aarhus 0% Mediterranean 9o Madrid
Climate-proof cities: City of Measuring and Improving Urban Restoring Danube floodplains in The edible forest of Alcala de
Tallinn, Estonia Tree Vitality and ES Provisioning in Austria Henares

Leuven through Inoculation with...
The main objective of the project is to increase

the biodiversity of a peri-urban area, re-
naturalizing it through the creation of an urba.

Riverbank restorations are implemented on a
stretch of approximately 800m shoreline of the

Nanitha tn incraaca lataral rivar finndniain

The aim is (i) to provide an assessment of the

(@  access to public green areas  canopy cover (@ Ecosystem services  Green infrastructure
climate change  surface permeability Nature-based solutions ~ Resilience  soil @ (@ blodiversity  Madrid  perl-urban  Spain

20" Mediterranean 9 Athens

Urban Green Corridor
Rehabilitation

Develop a green corridor to improve urban
microclimate, enhance biodiversity, and reduc.

(@  viodiversity  climate adaptation
urban cooling  urban green infrastructure
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Figure27: NBS Registryz Details page

The edible forest of Alcala de Henares

Area Characterization

The forest is located in the area called “Isla del Colegio” (College Island), an artificial island named after having belonged to the San Idelfonso
univesity dorm, located in the south of the city. It has its origin in the artificial construction of a caz in the 18th century, which diverted part of the
natural course of the river for hydraulic use. The area includes the space delimited to the south by the river Henares and to the north, by the caz
After the successful cultivation of all the space provided by the City Council in the College Island for the implementation of urban vegetable
gardens, and once they are settled and functioning, the City Council planned to expand the project for the recovery of the Island of the School
very degraded by the action of humans, mainly by the intensive agriculture, that had reduced until the practical disappearance, the gallery forest
associated to the river Henares. Therefore, the next phase was fo focus on the recovery of this agricultural island with nature based solutions
Currently part of the island is still agricultural, dedicated to the cultivation of cereals. The rest of the island has been, partly conditioned as a
multifunctional park with asphalted walks and garden areas and partly left fallow. Part of this fallow was dedicated to the urban orchards, leaving
an area between the orchards, the park and the river Henares currently unused and this was the area occupied by the edible forest

Objective

The main objective of the project is to increase the biodiversity of a peri-urban area, re-naturalizing it through the creation of an urban edible
forest

Challenges
Lorem ipsum

Potential Impacts / Benefits

BIODIVERSITY AND URBAN SPACE BIODIVERSITY: providing the required resources and habitats for species of interest URBAN SPACE
DEVELOPMENT AND REGENERATION: improving distribution and connection of green spaces at the urban level PUBLIC HEALTH AND WELL-
BEING: QUALITY OF LIFE: psychological outcomes: psychological relaxation, stress relief, enhanced opportunities for physical activities
ENVIRONMENTAL JUSTICE AND SOCIAL COHESION ENVIRONMENTAL JUSTICE: recognition of diversity, procedural justice, distributional
justice, capabilities, responsibility SOCIAL COHESION: increase social cohesion

Lessons Learnt

The availability of spaces in which citizens can develop an activity or actions directly linked to their city and in favor of the environment, has
revealed itself as a very interesting vehicle for the development of a sense of ownership and responsibility for its conservation. This can help to
expand more easily sustainable and respectful behaviors to other areas of municipal management
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Home ) NBS item

@ URBREATH NBS: No

Q Climate Zone: Mediterranean

9 Pilot: Madria

(© status: implemented

@ Keywords:
biodiversity ~Madrid  peri.urban  Spain

{2\ Problems:
problem 1, problem 2, problem 3, problem 4

@ Related Material:
Ditos:/www dream-alcala com/u la-e-henares/

hitos:/iwww.

Image Gallery:

[ Video Gallery:
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Figure28: NBS Registryz Create new NBS

© NBS Primary Details © NBS Details © NBS Datasets & KPIs

Please complete all required fields before proceeding.

Title ®

@ Status * >4 g) Climate Zone * % oo Pilot *

@ Keywords v (@ Problems -  URBREATH NBS: No Yes

Q Search by address...
Location®: No location added yet @

Upload NBS Main Image*:

Upload Main Image

‘ Next Step

Cancel

4.7.1.3 Technical implementation
The NBS Registry follows3tier architecture as depicted in the diagram below.

In the data layer, the NBS Registry uses a PostgreSQL database to store thénfoamation of the
NBSs, a Minio server to store the actual media files (images and videos) uploaded by the users upon
the NBS registration and a Redis database to enhance theopaance of the application.

The business layer consists of three main subcomponents:

1 The NBS Manager which offers APIs for the CRUD operations oNB&s (GET, POST, PUT)
and are also available to other tools within the URBREATH project like the Digital Twin
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f TheProxy Manager which AOO AO OEA | AAEAOT O AAOxAAT OEA
applications like théataset Catalogue and the KPI Manager

1 The Media Manager which provides an interface to store the media files (images and videos) in
the Object Storage (i.eMinlO, sectior4.1.3.

The business layer is implemented using the Java Spring boot framework.

The presentation layer consists of the different NBS views and more g@lycthe registration view
where a pilot adminigtitor canadd a newNBS, the search view where a user can search for NBSs and
provides a map and box summary view of the NBSsthrdletails view where the user can get all the
information related to a selected NBS.

The presentation layer is implemented using Reactd8 utilises components and techniques based
on Material Ul

Figure29: NBS Registryarchitecture

.l"/ \‘\x
f [ Presentation Layer ] \
""" MES """y T T T
Registration NBiif“arch Mﬁigﬁﬂ'lg :

View .

Proxy Manager MBS Manager Media Manager
Data Layer
D C C
‘x\ Minio PostgreSQL Redis /‘

S ~

4.8 Data Discoveryand Sharing

4.8.1 Datasets Catalogue, Models/ToolsCatalogue, and Data sources Catalogue

4.8.1.1 Description and Purpose
The Dataset Catalogue, Model Catalogue, and Data sources Catalogue provide functionalities to
search, discover, and identify information concerning:
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1 datasets managed by the URBREATH Toolbox (both generated by the toolbox itself, such as
results from analysis, and offered by external systems, such as Open Data Management
Systems, repositories, etc.)

1 models and tools offered by the toolbox and/or managed by a Municipality (giving the
opportunity to build a reference catalogue of tools and models), and

1 data sources managed within a Municipality and/or external to a Municipality, but of interest
(offering the chance to build also in this case a reference catalogue of useful data sources).

Each of the three catalogues offers a unified point to discover, identify and access information of
interest, allowing the user to search datasets, models/tools, and data sources according to specific
keywords and to filter the obtained results.

4.8.1.2 Key Features and Functionality
The three catalogues offer the same basic functionalities that are briefly summarised in the following.

Search by keywords The user can input specific keywords to search among available datasets,
models/tools, data sourcedresults are displayed in a list; for each result the title and a preview of the
description are reportedfor the datasets, also the list of available data formats are reported).
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Figure 30: Datasets, Models/Tools, and Data sources CatalogugsSearch Ul

= QP URBREATH Bl o

Search more 1928 Datasets from 7 catalogues!

Datasets found: 1928

Presupuestos. Presupuesto General 2025

Este conjunte de datos ofrece Informacién scbre el proyecto del Presupuesto General del Ayunta..

Ry =

Deportes: Piscinas municipales en la ciudad de Madrid.

El conjunto de datos &ldguo;Plscinas municipales en la cludad de Madrd&rdguo; proporciona la in_.

) QEEED oo QSO WD

b 2 z
Formats = Trafico Calle 30. Camaras
En este conjunio de datos se muesiran las direcciones web desde las gue se puaden obtener lag ...

indice vegetacion (NDVI) primavera 2015.

Conjunto de ficheros shape gue muestran el indice de vegetacidn normalizado MOVI en los distint...

Contenadores de pilas en marguesinas de autobis

Las pllas alcalinas/salinas y pllas de &ldguokotdn&rdquo; a desechar deben llevarse a un Punta L.

Filter results. The catalogues offer a list of filtethat automatically identified according to the
obtained results the user can select one or more of the proposed filters to refine obtained results.
Offered filters can bgfor instancemain tags associated to the results, license, data formats, etc.
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Access details othe results. By clicking on the title of a result, the user can access its delDatsiils
of the resultsinclude the full description, the full list of tagand theassociated resources (e.g. files
associatedwvith a datasetURL of the source code of a tool, end point of a data source, etc.)

Figure 31 Datasets, Models/Tools, and Data sources Catalogug®etails of results
= QP URBREATH Bl o

Presupuestos. Presupuesto General 2025

Este conjunta de datos ofrece Infarmacidn sobre el proyecto del Presupuesto General del Ayuntamiento de Madrid del ejerciclo 2023, el
cual fue aprobado por Acuerdo de 23 de diclembre de 2024 del Pleno del Ayuntamiento de Madrid. Los datos ofrecidos se refieren al
presupuesto de Ingresos, al presupuesto de gastos, asl como a los proyectos de Inversion que se incluyen en el Presupuesio general. En
relacién con el presupuesto de Ingresos, la Informaclén se muestra atendiendo a la clasificacién orgdnica (centra) y econdmica
(subconcepto). Para cada una de ellas se ofrece el iImporte previsto iniclalmente. Por lo que se refiere al presupuesto de gastos, los
datos también se ofrecen de acuerdo con la triple clasificacién organica (centro y seccion), funcional (programa) y econdmica
(subconcepro) de las distintas aplicaciones presupuestarias de gasto. En este Caso Se MUestra para cada una de ellas el crédito iniclal
Por su parte los datos sobre Inversiones contlenen para cada uno de los proyectos de inversion que se ejecutan, entre otros, el cadigo y
titulo del proyecto, |a linea y sublinea de Inversién en gue se clasifica el proyecto, l distrito en el gue se localiza, la aplicacion
presupuestana (Centro y Seccion, programa y subconcepto) donde se encuentra su crédito, asi como el crédito Inicial. Por ditime, existen
unos ficheros donde se muestran las eliminaciones que se deben practicar en el presupuesto de Ingresos y en el presupuesto de gastos
para poder obtener (a Informacién consolidada del Ayuntamiento de Madrid con sus Organismeos Autdnomos. En el apartado de
Documentacion asoclada se puede encontrar un documents de estruciura donde se describe la Informacidn gue contlenan los
diferentes ficheros gue pueden ser descargados y un documento glosario de términos que permita facllitar la comprensién de los datos

( Presupu ) General , Z )
Resources (10) Z Next »
{Eliminaciones de ingresos xlsx) {Eliminaciones de ingresos csv)
A i ] Ea} o 1 = i ]
({Ingresos xlsx) {Inversiones xlsx)
& 0o & 0
{Eliminaciones de gastos csv) (Eliminaciones de gastos xlsx)
i o 1h & i ] L 0

Additional Information

hitps://datos madrid.es/egob/catalogo/ 3006 66-0-presupuesio-general-2024

|dendifi
https://datos.madrid.es/egob/catalogoy/ 3006 66-0-presupuesio-general-2024

Management of datasets, models/tools, and data sourcesThe user can managdgs or her datasets,
models/tools, and data sources. The catalogues offer specific sections, where the user can access the
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list of datasets, models/tools, and data souttte/she created, create a new one, edit/delete existing
ones.

Figure 32 Datasets, Models/Tools, and Data sources CatalogugdManagement

= QP URBREATH T oo

Datasets found: 5

Themes n

Cluj Napoca climate observations and projections

Collections of climate observations and projections for the city of Cluj Napoca pro...

ENVI
Cluj Hapooa Climate Observations Projections Minio
Publisher:
Keywords > URBREATH Praject
Madrid climate observations and projections

Collections of climate observations and projections for te city of Madrid provided ...

Minia Ex

Madrld Madrid Climate Observations Projections. Minia

Publisher:

URBREATH Praject

Leuven climate observations and projections

URBREATH Project Collections of climate chservations and projections for te city of Leuven provided ..
ENVI
Leuven Climate Obersations Projections Min |0
Publisher:

UREREATH Project

When the user starts the creation of a new dataset, model/tool, or data source, the catalogue displays
a wizard In the first stepthe useraddsinformation related to the resources associatedth a dataset,
model/tool, or data source.
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Figure 33 Datasets, Models/Tools, and Data sources CatalogugsAdd a new resource

= QP URBREATH Bl o

£ 2
I\l/‘ "i
Add distributions Create dataset
Add 1o lict Distribution list
Mo distributions added yet
I (optional)
Title *
Description

Download URL *

Format

Csv -

License

CC-BY ‘

Release date

In the second step, the user asideneralinformation about the new dataset, model/tool, or data
source, such as the title, the description, the version, keywordsggmahic location, etc.
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Figure 34: Datasets, Models/Tools, and Data sources CataloguesAdd general information

= QP URBREATH g o
Add distributions Create dataset
Title * Hame Themes 1)
Fraqguen: (]
I {optional) Publisher AT
Descripilon Contacts Locatlon:: (i)

Creator
version

‘ ‘ wel KA e am
‘ | Ceutschland

Release daie *

al
Ke!wu[ds Rom dnia,
Jum 4, 2025 ‘

lealia
Espana
Enter keyword + £ ERRiG
== Leaflat | & OpenStreatiap | &

smashingsiocks - Flaticon

Idra Open Data Federation Platform

The publication of information about new datasets, models/tools, and data sources, is possible thanks
to the integration with thePublisher componentf the URBREATH Toolbox (sectiér8.3
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Federation of thirdparty catalogues of datasets. In addition to the functionalities reported abdve
Dataset Catalogueanfederate catalogues managed by third partiedor this purpose, the Dataset
Catalogue supposdifferent technologies such as CKAN, SOCRADKAN, Orion Context Broker,
SPOD, ZENODO, etcthanks to Data Catalogues Connectors (sectdo?.])

Figure 35; Datasets Cataloguez Federate an external catalogue
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To federate a catalogue, the usadds its details (e.g. title, description, etc.), specifies its endpoint,
the refresh periodi.e. the time interval after which the catalogue checks for updates), and marks it as
active or not activelf active, the federated cataloguis made available and the datasets it provided

s o~ A s

are reported among results providedtotheusgars EA 11 0 AAOEOAh OEA AEAAAO

s A s oA o~z s o~ oA
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All the federated catalogues are reported in a dedicated section, from which the user can manage
them and access relevant informatipguch as the technology on which the federated catalogue is
based, the update period, the date and time of the last update
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Figure 36: Datasets Cataloguez Management of federated catalogues
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In addition,by action on dedicated buttonshe user carforce the updateof the federated cataloguge
edit the federated cataloguedeletethe catalogue, and download the entire set of metadata of the
federated catalogue in DAGAP format.

Figure 37: Datasets Cataloguez Action on a federated catalogue

update \ /
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/ \ Download
metadata
4.8.1.3 Technical implementation
From a technical perspective the Dataset Catalogue, Model Catalogue, and ataes Catalogue
are based on Idraanopensourceweb application designed to federate scatteradd heterogeneous
catalogues ofdata under a unique point of accesslowing the end users to search and discover
datasets they provideTo this aim, Idra offers a series of connectors ableteract with a wide range
of technologies for managingatalogues ofdata, such as CKAN, DKAN, JUNAR, OPENDATASOFT,
ORIONLD Context Brokel(leveraging DACAP entities NGSLD compliant) SOCRATAandSPOD

Idra collects metadata from federated catalogues, offering a uniform representation of collected
metadata accordig to DACTFAP. This allows Idra to offer the possibility to the end users to search
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across different catalogues at the same tinmeetailed information can be accessed on the official
documentatior?®. Search capabilities of Idra are accessible from a dedicated Web Ul and REZT APls

In URBREATHthe user interfaceof Idra has beerextended to include new the sectiorfsr the
management of user created entries concerning datasets, models/tools, and data saimoety
described in section 4.9.2.2)dra has been alsotegrated with the Publisher component of the
URBREATH Toolboxp allows the concreate management of those useeated entries, making
them available for future searches.

Figure 38: Datasets, Models/Tools, and Data sources CatalogugsComponents for managing new
resources

Context Broker
(Orion-LD)

a

Dataset Catalogue,
Model Catalogue, anc
Data sources

/ Catalogudldra)

Publisher (NGSI
LD Broker)

The new sections of the Ul for managing user created entries concerning datasets, models/tools, and
data sources interacts with the NGED Broker part of the Publisher component of the URBREATH
Toolbox) that offer thepossibility to perform CRD?° Operations on NGSILD entities following the
DCATAP format. These NGSLD entities are stored into the Context Broker component of the
URBREATH Toolbox, that is based on the ORIINContext Broker (sectioA.3.2. The Context
Broker is then federated into Idra leveraging @RIONLD Context Broker connector, that allows to
expose the managed DCAAP NGSILD entities to the endisers for search purposes.

4.8.2 GeoNetwork

4.8.2.1 Description and Purpose

GeoNetwork is an opesourcecatalogueapplication designed to manage and share spatial datasets
and metadata. It helps users organize, discover, and access geospatial resources through a web
interface with powerful search and visualization tools. Built on international standards like 1ISO and
OGC, it supports metadata editing, harvesting, and interoperability.

28 https://idra.readthedocs.io/en/latest/

2 https://lidraopendata.docs.apiary.io/#reference/endserapi

30 Create Read Update Delete
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Figure 39: GeoNetwork®!
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4.8.2.2 Key Features and Functionality

GeoNetwork key functionalities include:

1
il

= =2 4 -5 A2 -9

Fast access tlmcalgeospatial catalogues.

Automated harvesting and synchronization between distributed catalogussig multiple
protocols (GeoNetwork, CSW, OGC WxS GetCapabilities, WebDav, ArcSDE, Thredds, OGC
WFS Features, OATMH).

Native support for ISO and Dublin Core metadata standards.

Uploading and downloading of various content typéshles documentsjmages).

An interactive Web Map Viewer to combine WMS layers from multiple servers.

Online metadata editing with customizable templates.

Fine-grained access control and comprehensive user/group management.

Multi-lingual interface for globahccessibility.

31 Sourcehttps://live.osgeo.org/it/overview/geonetwork_overview.html
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4.8.2.3 Technical implementation

GeoNetwork is developed in Java and runs on standard servlet containers like Apache Tomcat. The
backend relies on a relational database (commonly PostgreSQL/PostGIS) for storing metadata and
spatial information, enabling advanced geospatial queries anexmay.

The system supports OGC standards such as CSW (Catalog Service for the Web) for metadata
harvesting and search and integrates seamlessly with various spatial data infrastructures.
AT . AOxT OEGO 11T AOI AO AOAEEOAAOOOA Alll1T xO0 AAOU
templates. It also provides RESTful APIs to facilitate integration with external systems aochaigd
workflows.

4.8.3 Publisher

The Publisher component of the URBREATH Toolbox logical architeoftees capabilities to publish
within the toolbox content of interest such as information related to datasetgtware models/tools,
data sources and 3D models (e.g. to be visualised into the 3D Map component)

From a technical perspective, thisgical component includes two distinct software tools:

1 the NGSILD Brokerwhich isemployed for the publicatioof the metadata related to datasets
models/tools, and datgourcesand

1 the VC Publisheasan optionaltool, which allows to publisklata sourcesand 3D Maps by
supportingcontinuous updatesind of thedigital representation®f realworld assets

The NGSILD Broker offers a set of REST APIs that allows to perform CRUD operations oL NGSI
compliant entities representing DAGAP datasets.

The provided APIs accept as input JS€@matted data representing the datasets to Imeanaged and
transform input data into the corresponding NGBD entities (https://github.com/smartata-
models/dataModel. DCAFAP). These NGSID entities are then stored in the Context Broker (also part
of the URBREATH Toolbox; see sectib8.?, which will manage their life cycle.

To fully represent a dataset, the NGISD Broker generated two types of NGBED entities:

91 Dataset:includes the general information of a dataset, suchits,tdescription, keywords, etc.
1 Distribution: includes information related to a concrete resource associate to a dataset (e.g. a
file), such asitle, description, download URL, file format, etc.

A dataset entity can be associated taultiple distributions.

The APIs offered by the NGE&D Broker allow to perform the following actions both Datasets and
Distributions

I Create a new Distribution: add a distribution into the Context Broker.
I Create a new Dataset: add a dataset into the Context Broker.
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Updatea Distribution: updatea distributionthat is already registeredto the Context Broker.
Update aDataset:updatea datasetthat is already registerethto the Context Broker.

Delete a Distribution: delete a distribution thatasready registered into the Context Broker.
Delete a Dataset: delete a dataset that is already registered into the Context Broker.
Retrieve All Distributions: returns all the distributions saved into the Context Broker.
Retrieve All Datasets: returns all the datasets saved into the Context Broker.

= =4 =4 8 -4 -9

These APIs employed in the Dataset Catalogue, Model Catalogue, and Data Sources Cafaogue
the management of related information from their Ul (see section 4.9.2)

On the other hand,lteVC Publisheisabi x AO&£OT O 61 OEOT 116 AAOGECT AA
web maps and digital city models. It takes diverse geospatial inpateh as terrain models, aerial
imagery, point clouds, vector data, and CityGMand transforms them into higiperformance, web
optimized visualization datasets (Cesium streaming data). It can be installggt@mises or deployed

in the cloud and includes automation and plugin support for scalability and customiz#tiotegrates
seamlessly with other modules like:

1 VC Warehouse (for data conversion and exchange)
1 VC Planner (for planning workflows)
1 VC Database (for CityGML data administration and querying)

Key Capabilities of VC Publisher

1. Efficient Data Conversion
a. Converts raster, vector, CityGML, orthophotos, terrain, point clouds, and oblique
aerial images into web formats.
b. Highly performant converters accelerate processing and publishing
2. Automated Publishing
a. Publishes 3D web maps via Wiap in one click.
b. Supports scheduled, automated workflowkeeping data and apps up to date after
each update
3. Plugin Support & Customization
a. Offers pluginbased architecture enabling developers to add custom data processing
or tools.
b. Full API extensibility for tailored workflows.
4. Web Standards & OGC Services
a. Integrates OGC WMS, WMTS, WFS services seamlessly.
b. Features XML validation and coordinate system transformations for robust data input
5. Flexible Deployment
a. Deployable on local servers or in the cloud, suiting various IT environments
6. Integration with VCS Ecosystem
a. Works together with VC Warehouse, VC Planner, VC Database, and VCfiMapng
a fullstack solution from data ingestion to visualization
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The VC publisher exposes a REST API and a Web Ul for management purposes.

4.8.3.1 Overview of the VC Publisher REST API
The API enables:

Authentication via tokerbased or ARkey mechanisms

File operations, including upload/download of geodata packages

Taskmanagement, such as creating, launching, monitoring, and deleting processing jobs
Integration hooks for tools like FME Server, enabling chained workflows and automation

In total, there are over 120 REST endpoints and more than 20 custom transformers (for FME)
AAOAOEAAA ET OEA / PAT10) OPAAR Al OAOET C 1T AA<

= =4 4 4 -9

What You Can Achieve with the REST API
Automated Data Ingestion
Upload aerial imagery, point clouds, CityGML, terrain files, orthophotos, etc., directly via API.
On-Demand Conversion & Publishing
Trigger conversion and Cesium 3D tile generation on a schedule or on demand.
Chained Workflows & Integration

Use external tools (like FME Server) to upl®adtonvertY publish all in one ARdriven pipeline,
keeping maps ugo-date automatically

Job Management & Monitoring

Programmatically start tasks (e.g., "Process this dataset"), check progress, cancel jobs, and handle
output download.

Seamless Integration

With the OpenAPI spec, you can import the REST definition directly into tools like FME (since FME
2023.1) or Postman, facilitating integrations

Scalability & Orchestration

#EAET | Ol OEPI A Y&ZAwdt 00 DABEDHEORHI RAAAT ET ¢ £0iI 1 U
pipelines.
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4.9 City Data Visualisation
4.9.1 Unified Ul

4.9.1.1 Description and Purpose

The Unified Ul is a user interface element that serves as thempper for other URBREATH Ul
components. Its primary purpose is to organize content, enforce layout rules, and provide styling or
interactive context to the elements it contain¥he Unified Ul sets the design guidelinthsit all the

rest of the embedded Uls must follow achieve @1 I I T T T TTE 18 EAAI 8

4.9.1.2 Key Features an#&unctionality

The Unified UprovidescontainerUl with common elements like the header, menu, foqtetc. and it

enables basic user functionalities like login, user management and user settings administration, as well

as an introductory page for the NBS stori@he Unified Upasses data to the embedded Uls like the

user token thatenablesthese Uls tgoresentthe user withthe properviews, A8 8 AAOAA 11 (
role.

The Ul is organized in 3 main sections:

1 Theheaderon thetop contains buttons for changg the appearanceof the page likehavingthe
menu collapse or view in full screen, as weblésvingthe user to login.

1 Themain menuon theleft allows the user to investigate the various tools of the URBREATH system
like the Data Catalogue, the NBS Registry etas well aview the most important NBS stories
organized by climate zone.

f The central part of the pagis wherethe user canutilize the functionalitesl £ OEA DOT EAA«
and view information

The user initially views the landing page of the Unified Ul, which includes brief information about the
project like what we offer from a technical point of view, why someone to chooselatfiorm and a

few statistics regarding the NBSs, the climate zones and pilots we céigure40). Depending on

what the user selects on the menu, the relevant Ul appears, for example the NBS Stories are depicted
in Figure41.
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Figure40: Unified Ul

URBREATH

Innovating Urban Regeneration for a
Sustainable Future

Transform neigf with cutting-edg
for climate neutrality.

@ Explore Our Solutions ‘ Schedule a Demo

models, advanced digital twins, and tools
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What We Offer

URBREATH tools facilitate the redefinition of urban regeneration through advanced digital solutions

Innovative Simulation Models Advanced Digital Twins

Design and implement urban regeneration strategies through
advanced models tailored to achieve climate neutrality and

sustainable development goals inclusive urban development
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Engage with interactive tools designed to facilitate participatory
planning and the restructuring of neighborhoods for resilient and

Climate Impact Assessment

Precisely evaluate the impacts of climate change to facilitate
smarter, sustainable, and strategically sound decision-making
processes

Why Choose Us?

(039 ions forany hood size
Adaptable strategies or systems that can be effectively implemented in communities of varying
populations or geographical areas

2 A d tools for particip y urban
! through cutting-edge technology, our participatory urban planning tools foster
meaningful engagement between citizens and decision-makers

@ Climate-f to meet ility goals
Our solutions are driven by actionable climate insights designed to help cities achieve their sustainability
targets

7 Easy-to-integrate digital
Simplifying urban transformation, our digital solutions are designed for effortiess integration with your
existing systems
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4.9.1.3 Technical implementation
4EA S5TEZEAA 5)860 EIT OAOT Al AOAEE @éndugntponiarinEaOUl AA D E
component, it is backed up by backend services and subsequently by a database.

The presentation layer is comprised of the Login view where the users have to enter their credentials
ET T OAAO O1 Altodidoq th® Esdr mBr@adefehtAvied Qvhich is visible only to
administrators and through which the users of the system can be created, updated or deletkd
finally the toollox view where all the URBREATHSs are embedded and presented to the user in a
unified view. The presentation layer is implemented using React JS and utilises components and
techniques based on Material UI.

The business layer is comprised of the User Manager which is a component acting as the mediator
between the Ul and the Identity Manager (Keycloak) and the NBS stories Manager which fetches the
NBS stories from the databas&he business logic layer is implemented using Java Spring Boot.

Fig_ure42: Unified Ul - Architect_l_J_re

s ™
[ Presentation Layer ] \
Login L Toolbox.
management
User Manager MR
Manager
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o o

\ Keycloak  PosigreSQL /

4.9.2 Data Visualisations and Dashboards

4.9.2.1 Description and Purpose

The KPI dashboards developed by Municipia are designed as advancedyaset) decisiorsupport

tools to monitor, analge, and visualize data from urban areas involved in NaBased Solutions
(NBS) interventions. Leveraging the capabilities of Apache Superset, these dashboards integrate data
from 10T sensors, operource datasets, and projegfenerated indicators to tracland visualize Key
Performance Indicators (KPIs) over time and space.

Their primary objective is to provide city officials, urban planners, and technical partners witimeal

and historical views of urban metrics relevant to climate neutrality, resilience, and regeneration goals.
The system enables cities to assess whettwrrent performance aligns with predefined target values
and supports informed decisiemaking and strategic planning through a comprehensive and
interactive visual interface.
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4.9.2.2 Key Features and Functionality
Dashboard Management (Apache Supersegbowered)

Creation, editing, and deletion of dashboards via a dsendly, webbased interface.

No-code Ul for quick chart and dashboard design through emag-drop and pointand-click

functionality.

1 Webbased SQL Editor for advanced users to write and execute custom queries on connected
datasources.

1 Rolebased access control (RBAC) to manage data visibility and user privileges.

)l
T

Visualisation Types

Superset provides a wide range of bdiitvisualizations for rich data representation, including:
Line charts, bar charts, pie charts

Time-series graphs

Geospatial visualizations (mapased layers using GeoJSON or WMS services)

Heatmaps, box plots, KPI cards, and gauge indicators

Combined plots and mukchart dashboards

= =4 =4 8 -4 2

KPI Integration

1 Dashboards include dynamic KPI tracking widgetsabling the visual monitoring of specific
indicators (e.g. air quality index, average pedestrian flow, green surface area coverage).

1 KPIs are sourced from retime sensor data, open datasets, and manual evaluation processes
(e.g., surveys, participatory assessments).

1 Superset allows aggregation, threshold configuration, and conditional formatting for KPI
panels to signal deviations or alerts.

Historical Data Integration

1 Historical timeseries data is imported into the underlying data warehouse (e.g., PostgreSQL,
MySQL), enabling users to visualize trends and patterns over time.

91 Dashboards support temporal filters and datange selectors for exploratory analysis and KPI
evolution tracking.

Interactive and Comparative Analysis

1 Custom filtering andrilldownsby sensor, geography, time, or scenario.

91 Possibility to compare performance across different NBS areas or between pilot cities.

1 Exportable dashboards and individual chart elements for reuse in presentations and external
documentation.
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4.9.2.3 Technical implementation

The KPI dashboard infrastructure developed by Municipia is built on Apache Superset, a robust, pen
source business intelligence and data visualization platform optimized for handling -Ergle
analytics in web environments. The platform deployed within a containerized microservice
architecture? typically using Docker to ensure modularity, portability, and efficient orchestration
across environments. Data ingestion, transformation, storage, and querying are all managed within a
relational catabase management system (RDBMS) such as PostgreSQL, which serves as the unified
data backend for the dashboards.

Data sources integrated into the platform include both streamed IoT sensor data and-ageEss
datasets. loT data is collected from urban areas undergoing NBS (N&ased Solution)
interventions, via sensor networks that monitalifferent variablesfor exampleparticulate matter

j 0-wsyYqh 1 EOOIT @B iemparatireg Buridity, jand reRugchclimatic indicators. These
data streams are ingested through ETL pipelines that handle preprocessing tasks including data
normalization, timestamp synchronization, and missing data imputation. Additional data is obtained
from municipal open data portals and partrprovided datasets, fébwing schema alignment and
validation procedures to ensure consistency across heterogeneous sources.

Superset connects to these structured datasets via SQLAlcKémoffering a high degree of

to define logical groupings, custom metrics, calculated fields, and aggregate functions. These
abstractions serve as the foundation for constructing reusable KPI components and depedific
AAOA OEAx0O8 3 0bA Gereddaysis G@Mdal her®, ashl eBablés tistdrical trend
tracking, realtime updates, and temporal filtering for monitoring performance indicators over
selected intervals.

To facilitate both technical and netechnical user engagement, the dashboard interface supports two
primary modes of interaction. The first is a visualecude editor, allowing users to build dashboards
through dragand-drop operations, parameterized féts, and modular widgets. The second is a web

based SQL editor, designed for advanced users who require complex queries, joins, or subqueries
AAOT 60 OAI AOCGEIT T Al AAOAOAOO8 "1 OE EIT OAOEAAAO AO
offers a rch library of data representation optionssuch as bar charts, line graphs, area charts, KPI
cards, pie charts, and geospatial layers rendered through Maplwod_eaflet integrations (e.g., via
GeoJSON or WMS feeds).

Currently, a demonstration prototype of the dashboard has been developed, focusing on two priority
KPI domains: air quality and climate temperature. These KPIs are computed from live and historical
sensor data and visualized using tirseries plots, thresbld-based indicators, and mabased

32 A Python toolkit that simplifies the management of relational databases and related queries;
https://www.sqglalchemy.org/
33 A cloud platform providing software tools to implement mhased capabilities (e.g. navigation) into software applications
(e.g. mobile applications); https://www.mapbox.com/
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data streams, calculate KPI values against predefined targets, and render-soalg visual outputs
for urban stakeholders.

SAAOOEOU AT A AAAAOO AT 1 00T 1 -Aacel ackedd cArfrdl ARBATE O1 O
framework, which ensures that user permissions can be finely tuned by dataset, dashboard, and
feature scope. This guarantees controlled access to sensitive espéyific data layers. Moreover, the
platform supports report generation, enabling users to export full dashboards or individual
visualizations in PDF format, which can be embedded into presentations, evaluation reports, or shared
among stakeholders. Futurngerations may include scheduled report automation and integration with
notification systems to distribute KPI updates on a recurring basis.

In summary, the technical implementation of the Municipia dashboard suite offers a scalable, secure,
and extensible analytics environment capable of réale and longitudinal monitoring of urban
sustainability indicators. It leverages a modern data statk opensource tools to enable datdriven
decisionmaking across pilot cities and is designed for replicability, modular expansion, and alignment
with broader smart city and climate neutrality strategies.

Figure43: Data Visualisations and Dashboards
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4.9.3 Map Layers Manager

4.9.3.1 Description and Purpose

The Map Layers Manager is based on the GeoCacher, a web application designed to simplify the
management and publication of geographic data in GeoJSON format. The main goal of this application
is to enable various users to easily explore and visualize géiaspgata andgenerated customised

map layers as GeoJSONhe GeoCacher interfaces with the ORION context broker, which is the
primary source to retrieve geo referenced information derived from NGSlentities. It is built with

Java (Spring Boot), levegas Docker for containerization, and includes supporting databases like
MongoDB.

Figure44: Map Layers Manager
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In practical terms, GeoCacher provides a straightforward way to transform-ugieaded GeoJSON
files intointeractive map layers, accessible through standard web services.

4.9.3.2 Key Features and Functionality
The GeoCacheoffers to not skilled users an eaty-use Ul to explorgeo referenced information,
extract information of interest and generatenap byers that can also be published as datasets
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and/or on the GeoServer.

The user iguided in exploring available geo referenced informatianth a wizard, thatproposes a
series of filters through which selected information of inter.eShe proposed filtes are dynamically
generated accordingo the available geo referenced information

The user is provided with a map on which he/she can draw one or more areas on which pdrorm
geographic search according to the selected filter. Therussn draw multiplesquares, circlesor
custom polygons.

Oncethe search criteridnave been definedi.e. filters and areas of interesthe user can visualise the
obtained resultsand change the drawn areas affitter or save the generated map layerm this case,
the user inserts a titlea descriptian, and can select the possibility to auto update the map layer at
regular intervalge.g. every day, every week, etc.)

Finally, the user can publish the defined map layers as datasets (ddataset Catalogue) or export it
on the GeoServer, to m it accessible fofuture use.

4.9.3.3 Technical implementation

The Map Layer Manager is implemented on top of GeoCacher, originally developed as a modular
Spring Boot microservice for managing usgefined spatial data. The backend relies on MongoDB; all
data(including userdefined filters, GeoJSONeometries and metadatgpersistedas flexible, schema

less JSON documents across different collections.

This architecture supports dynamic dataodelling, making it easy to evolve the data structure
xEOET OO0 AT i Pl Ag 1T ECOAQEITO08 -11¢Cis$"80 1T AOEOA ¢
enabling users to interactively define areas of interest (e.g., polygons, circles,-pul§gons) and

retrieve relevant geographic features based on spatial and semantic constraints.

The system exposes a REST API layer that supports full CRUD operations for layers and jobs.-A Quartz
based job scheduler is used to automate the periodic execution of saved filters and regeneration of
associated layers. These jobs are configured by usersg the layer creation process, enabling real

time synchronization with context changes in the city.

Additionally, the Map Layer Manager is integrated with the Dataset Catalogue component (ldra),
allowing users to publish generated layers as discoverable datasets. This integration ensures that
spatial information becomes part of the federated data ecogyst supporting search, discovery, and
reuse in alignment with DCAAP standards.
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Figure45: Map Layers Manager Architecture
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To supportstandardized geospatial publishing, the Map Layer Manager integrates with GeoServer and
uses PostGIS as the spatial database backend. When a user marks a layer for publication, the system
takes the GeoJSON data and performs two actions:

1 It stores the spatial data into PostGIS, creating a dedicated table that contains both geometry
and associated attributes.

1 It then uses the GeoServer REST API to create a corresponding workspace, datastore, and
layer, referencing the newly created PostGIS table.

This setup allows the published layers to be accessed through standard OGC protocols such as WMS
(for map rendering) and WFS (for structured data access).

Overall, the Data Layer Manager bridges flexible, udBven geospatial data interaction with
standardized geodata publication pipelines, offering a powerful backend service to support smatrt city
dashboards, spatial analytics, and open data portals.

4.9.4 3D Map

4.9.4.1 Description and Purpose

The 3D Map component of the URBREATH Toolbox is basedMap Developed by Virtual City
SystemsVC Maps a versatile welhased platform designed for visualizingnalysing and sharing 3D

city models and geospatial dat&.C Map is an opesource platform designed for visualizing 2D and

3D geospatial data on the web, providingpawerful yet accessible tool for creating interactive maps

and local digital twins. Built on CesiuntdSa popular JavaScript library for 3D geospatial visualization,
VC Map combines thkigh-performance3D rendering of CesiumJS with additional features tailored

for complex data visualizations in urban planning, infrastructure management, and environmental
iTTEOI OET C8 6# -ADP8O AOAEEOAAOOOA AllT xO EO Ol
data formats like GeoJSON, KML, and 3D Tiles, and enables users to easily switch between 2D and 3D
views, enhancing the flexibility and utility of its mapping capabilities.

34 JavaScript library for 3D geospatial visualization; https://cesium.com/
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4.9.4.2 Key Features and Functionality
Interactive Visualization & Navigation

Multi-Dimensional Views Seamlessly switch between 2D maps, 3D models, and oblique aerial images
to gain different perspectives of urban areas.

Pedestrian Viewpoint Examine scenes from a groutelvel perspective to assess humanale
impacts.

Virtual Flyovers: Create dynamic camera flyovers to present city models to stakeholders effectively.

Analytical Tools

Drawing Tools Add points, lines, polygons, circles, and text annotations in both 2D and 3D
environments.

Measurement Functions Calculate distances, areas, and heights directly within the map interface.
Height Profiles: Generate crossectional views along specified routes, incorporating all 3D objects
present.

Visibility Analysis: Determine which objects are visible or obscured from specific viewpoints.

Shade Analysis Assess shadow impacts on 3D objects at different times of the day, considering terrain
models.

Clipping Planes "Cut away" sections of buildings or terrain to reveal interior structures or
underground features.

Data Exploration & Sharing
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Search Functionality. Quickly locate addresses, street names, or cities within the map.

Split-Screen Comparison Compare different datasets (e.g., meshes, 3D buildings, raster data) side
by-side using a swipe tool.

Transparent Surface Mode Render specific areas transparent to visualize subsurface elements like
pipelines.

View Sharing Generate PDFs or share interactive scenes via direct web links for collaborative
purposes.

Integration & Customization

Planning Tool Integration: Incorporate architectural models in various formats directly into 3D city
models, enabling drafting and extrusion of buildings with fldevel detail.

Scene Export Exportscene into various formatsuch a<CityGML, CityJSON3D Shape, DWG, 3DS
and more.

Open-Source Framework: Built upon open GIS and web technologies like OpenLayers and Cesium,
allowing for customization and extension through a robust API.

4.9.5 Planner

4.9.5.1 Description and Purpose

TheVC Plannerempowers urban planners and city developers with a comprehensive suite of tools to
create, analyse, and manage complex urban projects. Start by structuring project goals, phases, and
milestones in a highevel overview, then leverage detailed 3D citpdelling to visualize realistic urban
environments. Integrate diverse spatial datasets, including GIS layers and BIM models, for a unified
view that enhances data management and informed decisiwaking. The VC Planner supports the
import of a wide range of data formats, including DWG, DXF, Shape, IFC, 3DS, OBJ, DAE, KML, KMZ,
and GeoTIFF. Additionally, it integrates object libraries to enhance planning with features such as 3D
tree libraries, 3D city furniture, 3D houses, and especially for URBREKEHNBS cataloge.

VC Planner serves as a versatile platform for urban planning, enabling efficient design, analysis, and
collaboration within 3D city models. Its comprehensive feature set supports various applications, from
architectural competitions to collaborative urbatevelopment projects.

4.9.5.2 Key Features and Functionality
Rapid 3DModelling: Transform 2D drafts into detailed 3D city models swiftly, facilitating quick
visualization of urban planning concepts.

Intuitive Drawing Tools: Utilize tools to insert points, lines, polygons, circles, bounding boxes, and
text labels, aiding in precise planning and annotation.

Dynamic Viewpoints and Camera FlyoverCreate custom viewpoints and camera flyovers with ease,
enhancing presentations and stakeholder engagement.
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Object Extrusion: Extrude drafted surfaces into 3D objects directly within the scene, streamlining the
modellingprocess.

Import Capabilities: Easily import urban planning drafts, individual buildings, and street furniture
using dragand-drop functionality.

Display Management Toggle the visibility of buildings and other elements with a simple click,
allowing for focused analysis.

Customization Options: Design and findune textures, line styles, point styles, and font formats to
match specific project requirements.

Data Format Support Supports various formats including shapefiles, gITF/glb, COLLADA, GeoJSON,
KML/KMZ, and georeferenced raster plans. With the FME extension, additional formats like Autodesk
3DS, DXF/DWG, FBX, IFC, and OBJ are also supported.

Collaboration and Sharing

Project and Permission ManagementCreate multiple projects with distinct usage rights, facilitating
collaborative work among different teams.

Web-Based Sharing Share plans and 3D scenes via web links or publish them directly through a web
browser, ensuring easy access for stakeholders.

Integration with VC Map: Manage planning objects within VC Map, allowing for seamless integration
and visualization of planning scenarios.

4.10 E-Participation

Component diagram of the tools contained, with communication between them and possibly with
other areas

TheeDAOOEAEDAOETT Oi1 OOEITO AAOECI AA AT A EI Bl Al /
3A0O0DP #EAT CAoh A AT OA AT AT AT O 1T &£ 52" z2dich(céd O OE
designing, and calecision making among diverse stakeholders tbe city. URBREATH project
recognizes that collaborative decisiemaking is critical to addressing the growing social,
environmental, and infrastructural challenges facing European citiepaificipation concept has
emerged as a powerful approach to enggadiverse stakeholders in shaping sustainable interventions.

The URBREATH digital-garticipation solutions are designed and implemented to facilitate open
discussions, idea exchange, and other functionalities that intend to bring together and bridge
communication gaps among citizens, experts, academics, business owners, competent authorities,
etc., into a collaborative environment.

These solutions are the two-garticipation tools, the Web Application and the Mobile Application,
both designed to facilitate the different needs of an open anecceative environment for the diverse
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stakeholders involved in everyday urban life to address collaboratively the challenges the urban areas
face in the modern eral’he two tools are briefly described in the following sections, araterdetails

are documented irD4.4,0 Yarticipation Tools6 X6 h AO xAl 1 AO OEAEO A&l OA«
aiming to result in a comprehensive URBREATH digHph#icipationsuite.

The figure below visualizes the higével architecture diagram of the two-articipation digital
components and their communication.

Figure47: EParticipation tools - Main components diagram
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4.10.1 Web App

4.10.1.1Description and Purpose

E-participation Web App offers a usérendly digital environment supporting online interaction
betweendifferent stakeholders towards the implementation ofo-creation activitiesand awareness
creation concerning problems cities are facing (e.g. due to climate changes) and possible solutions to
mitigate/solve them, helping cities in ideffing urban interventions (e.g. NBSs) commonly agreed
AT A OEAO OAOOA O1T AAAOAOO AEOQOEUAT 66 T AAAO Al Ol
The Eparticipation Web App is based dbecidim, which offers the possibility to setugifferent
thematic participatory procesempowered bycomponentsenabling different kinds of participation

and contributions from the users, (e.g. publication of blogposts, comments, votes, feedback, debates,
idea proposal and ieh evaluation, participatory budgeting, meetings organisation, etc.). Those
capabilities, offer a wide ange of possibilities for engaging stakeholders into cocreation and
participatory processFurther information concerning the capabilities and functionalities of Decidim
AOA OADPT ODURBREETH Pértcipasory tool$ X 6

4.10.1.2Key Features and Functionality

Decidim is an opesource tool whose aim is to foster participatory democracy by allowing citizens and
in general stakeholders to interact directly public bodies anrdanizationsand involve them into
decisionmaking processes. Decidim is conceived to offer a transparent, accessible digital
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environment where people can discuss, comment, propose, vote ideas, proposals, etc. and agree on
shared policies and solutions for the community.

Decidim is based on modular functionalities that can be used to build a participatory process, such as
for drafting a new urban plan.

A participatory process can include different phases; each phase can empjmgcdic functionality.

For instance, during the proposal phase, users can leverage functionalities to write and submit their
own ideas, which are then visible to the community, allowing other users to comment, suggest
improvements, etc.

The debate functionality allows users to have conversations on different topics of interest, such as
specific proposals. Furthermore, users are allowed also to vote proposals and allocate a virtual budget
to different ones.

Another important functionality provides the possibility to organise meetings botpénson or online

and publish the calendar of the different meetings that are organised on Decidim. This functionality
allows also to access materials like agendas or teisiof a meeting, that can be published so everyone
can be informed.

Finally, Decidim offers the possibility to organise assemblies. An assembly is a thematic space for
ongoing collaboration (e.g. neighbourhood council, a committee, etc.), suitable for keepingttony
initiatives with transparency and coordination amonggeir members, by leveraging above mentioned
functionalities.

Detailed information functionalities Decidim offers can be found on its official document&tion

In addition to the functionalities already provided by Decidibri¢fly summarised above), the

52" 2% 4( DOTEAAO ETAI OAAA T Ax 11 AOhz URBREATBAET C
Participatory tools- 6 X @n particular, the current version of thefdarticipation Web App offers the
following new capabilities:

Integration of the Dataset Catalogue

Integration of 3D Majgand NBS Storytelling)

Integration of whiteboards

Integration with the Security and User Managemédanctionalities (i.e. Keyclogksectiond.11)

= =4 -4

Integration of the Dataset Catalogue

The integration with the Dataset Catalogue allows the user to access the datasets collected and
generated by the URBREATH Toolbox within thepdtticipation Web App Through a dedicate

35 https://docs.decidim.org/en/develop/index.html
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section, the user can search among available datasets (by submképgordg andexplore obtained
results(i.e. datasets matching the submitted keywords)

Figure48: EParticipation tools Web App- Integration of the Dataset Catalogue- Search
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Results are provided in a list, and for each result the title and a preview of the description are reported

Figure49: E-Participation tools Web App- Integration of the Dataset Cataloguez List of results
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Fotografia aérea. 1942. Mosaico de fotogramas. Fotos sueltas de Y
Madrid. 1:2.500. REF 02

Vuelo del afio 1942 de varias zonas de Madrid. Varios distritos.
Formado por 54 fotogramas. Escaneado en 2017. Vuelo en blancoy
negro. Formato de fotograma 23x23.

Read More

Fotografia aérea. 1948. Calles de Madrid. 1:10.000. REF 05 *

Vuelo del afio 1948 de diversas calles de Madrid. Distritos de Centro,
Retiro, Moncloa - Aravaca, Puente de Vallecas y Moratalaz. Formado
por 18 fotogramas, formato 18 x 18 en blanco y negro. Escaneado en
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"U Al EAEET C 11 O& Areddig ifdAtéils ard didplagedD®t@il®ifciude the title, the
full description, the tags, available resources (i.e. concrete files) with theilpibs/ to down themthe
original web page of the result, the release and update dates of the result, and its unique identifier.

Figure50: E-Participation tools Web App- Integration of the Dataset Cataloguez Details of results

Actuaciones de la Direccién General del Espacio Plblico, Obras e Infraestructuras. *

Contiene los Ambitos afectados por las obras planificadas y en ejecucion que son
competencia de la Direccion General del Espacio Publico, Obras e Infraestructuras.
Contiene los Aambitos afectados por las obras planificadas y en ejecucion que son
competencia de la Direccion General del Espacio Publico, Obras e Infraestructuras.

Tags

(_Espacio publico ) | Via plblica :| | http://geoportal.madrid.es/Obras | | Obras | \ Calzada |
[' Pavimentos ) [' Madrid ']
Resources

kmzObra puiblicaNo description available .
+ Download @

Additionl info
Dataset page: https://geoportal. madrid.es/IDEAM_WBGEOPORTAL/dataset.iam?
id=00000002-b145-11ea-a0le-ech1d753f6e8
Release date: 1970-01-01T00:00:00Z
Update date: 1970-01-01T00:00:00Z
Identifier: 00000002-b145-11ea-a0le-ecbld753f6e8

Close

Each result shows star in the upper right corner (only when the user is logged in). By clicking on that
star, the user can add the sgific result among the favourite and access it later
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Figure51: E-Participation tools Web App- Integration of the Dataset Cataloguez Starred result
4 ) |

x
Saved Datasets
Search Datasets |
Fotografia aérea. 1942. Mosaico de fotogramas. Fotos sueltas de Madrid. Delete
1:2.500. REF 02
Fotografia aérea. 1948. Calles de Madrid. 1:10.000. REF 05 Delete
Actuaciones de la Direccién General de Planificacién Estratégica Delete
Inventario de Emisiones a la Atmésfera de la Comunidad de Madrid
Delete

(nomenclatura SNAP)
Actuaciones de la Direccién General del Espacio Publico, Obras e Delete
Infraestructuras.

[ A

The list of saved datasets can be also accessed from a test editor (e.g. when the user writes a
comment), to easily include a refanee to a specific dataset. In this case, the list reptre button

O A A 6 eadfi s@ved dataset. Bu clicking on this button, a reference to the dataset is added in the text
editor. Once the comment is submitted, other usaran benefit from the linked dataset and access its
content, supporting a evidence based participatory process.

Figure52 E-Participation tools Web App- Figure53: E-Participation tools Web App-
Integration of the Dataset Cataloguez Add Integration of the Dataset Cataloguez Add
reference to starred results (1 of 4) reference to starred results (2 of 4)
Saved Datasets Q) 0 comments Best rated Recent Older Most discussed

‘ Search Datasets ‘

Comment
Fotografia aérea. 1942. Mosaico de fotogramas. Fotos sueltas de Add 704 characters lef
Madrid. 1:2.500. REF 02
ia aérea. 1948. Calles de Madrid. 1:10.000. REF 05 [ Add |
de la Di i6n General de Planificacién Estratégica Add

| like this proposal for a new NBS. It is also aligned with the new regulations.

Inventario de isi ala 6 a de la C: i de Madrid A
(nomenclatura SNAP) m See the document linked below|

I de la Direccion General del Espacio Publico, Obras e m Actuaciones de la Direccién General del Espacio Publico, Obras e
Infraestructuras.
Infraestructuras. :
https://geoportal. madrid.es/IDEAM_WBGEOPORTAL/dataset.iam?
id=00000002-b145-11ea-a01e-ecb1d753f6e8 @)

e

Your opinion about this topic

In favor ¢ Neutral © Against 57 Publish comment O
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Figure 54: E-Participation tools Web App- Figure 55: E-Participation tools Web App-

Integration of the Dataset Cataloguez Add Integration of the Dataset Cataloguez Add

reference to starred results (3 of 4) reference to starred results (4 of 4)
C) 1 comment Best rated Recent Older Most discussed i Admin User 30/05/2025 16:17
| like this proposal for a new NBS. It is also aligned with the new regulations
Admin User 30/05/2025 16:17 (7 Open external link E|
| like this DTODDSB‘ for a new NBS. It is also aligned with the new regu\alions. ‘You are about to visit an extemal link and we would like you to be cautious regarding the content on the external
See the document linked below! gll:ase check the link you are about to visit and make sure you recognize it as a safe site before proceeding
Actuaciones de la Direccion General del Espacio Publico, Obras e https://geoportal.madrid.es/IDEAM_WBGEOPORTAL/dataset. iam?id=00000002-b145-11ea-adle-
v b1d753f6e8

Infraestructuras. : « ©
https://geoportal.madrid.es/IDEAM_WBGEOPORTAL/dataset.iam? .
id=00000002-b145-11ea-a01e-ecb1d753f6e8 = Cancel m
Q Reply & 05&P0

Integration of 3D Map (and NBS Storytelling)

This integration provides the users with the possibility to acc&@3scity models ad 2D/3D geospatial
data (see section 4.11.4) directly within tleparticipation Web App, enhancing evidence based
participatory processkFor this purpose, a specific plugin for Decidim has been implemefrtathed
NBS Stories)which allows the administrator of thE-participation Web Apgo publish different 3D

models.

The administrator first instantiates the NBS Stasieomponen£®into a participatory space (e.g. an
assembly) and configure (e.g.by setting the title, description, etc.)

¥Ly B5SOARAYIE GKS yIYS a02YLRYSyGé NBEFSNA (G2 LI NIHAOALN G2
Decidim documentation: https://docs.decidim.org/en/develop/features/components.htmi
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Figure56: E-Patrticipation tools Web App- Integration of the 3D Mapz Add 3D Map to a participatory
space

Once the component is instantiated and configured, the administrator can record NBS Stories (i.e.
visualisation ofQ$ 1 1T AAT O AT A CAI OPAOEAI AAByAlicking nittie A O
AOGOOTT O.Ax 30i ouoh A OPAAEZEEA £l Of APPAAOOS

Figure57: E-Participation tools Web App- Integration of the 3D Mapz Management of 3D Mays

[D4.7 URBREATH NBS ICT integrated sdlution Page |107
URBREAT#H10113971t HORIZOMIISS2023-CLIMACITIE®1-01

































































































































